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TECHNICAL  SUMMARY 


This  paper  documents  a method  for  projection  of  air  cargo  activity  (i  .e., 
enplanements  and  freighter  operations)  at  all  U.S.  air  hub  airports.  It  also  provides 
a base  projection  of  such  activity  at  twenty-five  large  hubs  for  1977,  1982  and  1987 
based  on  a specific  set  of  inputs  developed  jointly  by  TSC  and  the  FAA  sponsor.  The 
projection  computer  model  translates  a national  aggregate  cargo  enplanement  forecast 
and  a set  of  hub  passenger  enplanement  forecasts  into  hub  specific  enplanements  in 
passenger  flight  lower  holds,  enplanements  in  freighters,  and  into  freighter  operations. 
The  national  aggregate  cargo  enplanement  forecast  was  developed  as  a part  of  this 
project  and  is  documented  in  a companion  paper,  "Forecasting  Models  and  Forecasts 
of  U.S.  Domestic  and  U.S.  International  Air  Freight  Demand,"  by  D.  Maio  and 
G.  Wang,  September  1976,  SS-211-U1-5.  The  passenger  enplanements  and  other 
required  Inputs  were  developed  from  sources  documented  in  this  paper.  The  computer 
program  is  documented  in  a Kentron  Hawaii,  Limited  paper,  "Freighter  Forecast  Model," 
by  R.  H.  Wassmuth,  September  15,  1974,  KHL-TSC-74-1 180. 

This  project  was  conducted  by  TSC  for  the  FAA  Office  of  Aviation  Policy, 
AVP-120  to  support  that  office's  periodic  updote  of  Aviation  Forecasts  and  Terminal 
Area  Forecasts. 
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SECTION  1 


INTRODUCTION 

This  report  documents  a method  for  projection  of  air  cargo  activity  (i.e., 
tons  enplaned  and  freighter  operations)  at  all  U.S.  air  hub  airports.  Cargo  related 
ground  and  air  activity  at  airports  is  a result  of  a derived  demand  for  services.  This 
individual  hub  activity  is  generated  by  the.notional  aggregate  demand  for  commodity 
distribution.  No  single  air  hub  can  expect  significantly  greater  than  average  system 
growth  unless  it  is  paired  off,  in  this  growth,  with  other  hubs  or  that  hub  is  the  bene- 
ficiary of  a planned  diversion  of  traffic.  Relative  prices  and  relative  quality  of 
services  offered  by  each  of  the  competing  modes  determines  the  quantity  of  goods 
shipped  by  air  in  the  various  markets.  Air  carriers  cannot  continue  to  reduce  the  real 
average  price  differential  between  air  and  surface  services  unless  they  can  sustain  a 
continued  reduction  in  average  costs  of  providing  the  service.  Substantially  lower 
air  carrier  operating  costs  and  increased  capacity  are  provided  by  the  wide-body 
passenger  fleet.  Narrow  body  freighters  (all-cargo)  have  higher  total  operating  costs 
and  hove  been  reported  as  being  unprofitable,  Wide-body  freighters  are  steadily 
penetrating  the  international  markets,  but  only  minor  activity  is  projected  for  this  type 
of  equipment  in  domestic  service. 

Combination  passenger/cargo  carriers  dominate  both  the  domestic  and  inter- 
national markets.  This  group  of  carriers  (who  enjoy  over  85  percent  of  the  domestic 
market  and  over  63  percent  of  the  international  market)  has  been  emphasizing  the 
cargo  capability  of  their  scheduled  wide-body  passenger  fleets  since  this  equipment 
was  first  introduced.  Cargo  service  provided  by  these  carriers  is  the  product  of  the 
fleet  equipment  mix,  route  assignments,  and  flight  scheduling,  which  in  turn  are 
dictated  by  passenger  service  requirements.  Freighter  services  are  provided  only  in 
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markets  served  by  tbe  all-cargo  carriers  and  in  those  markets  where  the  combination 
carriers  are  unable  to  adequately  service  the  cargo  demand  with  the  passenger  fleet. 

It  is  projected  that  the  air  carrier  industry  will  be  economically  motivated  to  con- 
tinue, during  the  next  ten  yearsy  the  current  policy  of  maximizing  to  the  greatest 
extent  possible  the  use  of  available  capacity  in  the  passenger  fleet  lower  holds. 

The  air  cargo  hub  activity  projection  computer  progrom  accepts  as  input 
several  exogenous  files  of  historical  data  and  forecasts.  It  produces  projections  of 
passenger  flight  departures,  enplaned  tonnage  in  lower  holds,  freighter  flight  depar- 
tures, and  enplaned  freighter  tonnoge  at  each  hub  of  interest.  The  required  inputs 
are:  (1)  CAB  Airline  Service  Segment  data  tapes  for  some  base  period;  (2)  a passenger 
enplanement  forecast  for  each  hub  of  interest  for  each  of  three  forecast  years;  (3)  a 
cargo  enplanement  forecast  for  each  hub  for  the  three  forecast  years;  (4)  a set  of 
projections  of  system  average  passenger  and  freighter  flight  capacity  measures;  (5)  a 
set  of  system  average  enplanement  load  factors  for  passenger  decks,  for  lower  holds, 
and  for  freighters.  Separate  values  for  the  domestic  and  international  services  for  all 
but  the  first  inputs  are  required  by  the  model. 

Projections  are  produced  for  domestic  services  and  for  U.S.  international 
services  for  each  of  the  three  forecast  years  for  each  air  hub  specified.  An  aggregate 
projection  for  the  listed  hubs  is  also  provided.  Any  number  of  hubs  may  be  included 
in  the  forecast,  but  only  25  large  hubs  have  been  included  in  the  current  base 
forecast.  A set  of  forty-three  tables  of  data  from  intermediate  calculations  are  also 
produced  for  detailed  analysis  and  evaluation  of  the  final  forecasts.  Included  in 
these  tables  are  actual  operating  statistics  developed  from  the  airline  service  segment 
data  for  the  base  period. 
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SECTION  2 


HUB  PROJECTION  METHODOLOGY 

Long  term,  macro,  notional  air  freight  (including  express),  and  air  mail 
demand  forecasts  can  be  translated  into  cargo  enplanement  and  freighter  operations 
projections  at  specific  U.S.  air  hubs.  This  allocation  of  national  demand  can  be  per- 
formed for  each  cargo  element  (i.e.,  freight,  express  and  mail)  and  for  each  service  - 
domestic  and  international.  Four  major  steps  are  involved  in  this  projection  procedure: 

a.  Allocation  of  the  national  demand  for  cargo  tonnage  enplaned 
by  hub. 

b.  Estimation  of  the  passenger  fleet  "usable"*  lower  hold  capacity 
by  hub. 

c.  Allocation  of  the  hub  demand  to  the  "usable"  lower  hold 
capacity  and  determination  of  residual  demand  to  be  satisfied 
by  freighter  service. 

d.  Translation  of  this  residual  demand  into  hub  freighter  departures. 

The  aggregate  national  cargo  demand,  expressed  in  tons  enplaned  at  U.S. 
ai'ports,  is  derived  from  an  exogenous  forecasting  procedure  documented  in  another 
TSC  staff  study  paper.**  Briefly,  econometric  models  forecast  domestic  revenue  ton- 
miles  (RTMs)  which  were  subsequently  converted  to  enplaned  tons  using  projected 
average  hauls.  International  enplanements  at  U.S.  airports  were  forecast  directly 
by  the  model  equations.  Freight  and  express  demand  were  forecost  in  the  aggregate 
using  TSC  developed  models,  but  mail  forecasts  were  obtained  from  another  source. 

The  details  of  these  forecasts  are  contained  in  the  referenced  paper.  Table  1 lists  the 


* That  portion  of  the  theoretical  total  passenger  fleet  lower  hold  capacity  departing 
each  hub  which  is  assigned  for  use  by  that  hub.  This  term  takes  into  account  capacity 
that  is  assigned  to  upstream  or  downstream  points  or  is  not  in  the  cargo  route. 

**  "Forecasting  Models  and  Forecasts  of  U.S.  Domestic  and  U.S.  International  Air 
Freight  Demand"  by  D.  J.  Maio  and  G.  Wang,  September  1976,  SS-211-U1-5. 


L. 


3 


Table  1 . Macro  Cargo  Forecast  Inputs  for  Base  Projections  of 
Cargo  Activity  at  U.S,  Air  Hubs, 


1977 

(000) 

1982 

(000) 

1987 

(000) 

U.S.  Domestic  Air  Cargo  Enplanements 

Freight  and  Express  (tons) 

2976 

3861 

5014 

Mail  (tons) 

963 

974 

1043 

Cargo  (tons) 

3939 

4835 

6057 

U.S.  - International  Air  Cargo 
Enplanements  (Exports) 

1 Freight  and  Express  (tons) 

993 

1524 

2282 

Mail  (tons) 

126 

135 

150 

Cargo  (tons) 

1119 

1659 

2432 

Source;  "Forecasting  Models  and  Forecasts  of  U.S.  Domestic  and  U.S.  International 
Air  Freight  Demand,"  TSC  staff  study  by  D.  Maio  and  G.  Wang,  September 
1976,  SS-211-U1-5. 


macro  cargo  forecasts  which  are  the  primary  cargo  demand  inputs  to  this  projection  pro- 
cedure. Freight  (including  express)  and  mail  for  the  domestic  services  and  for  the 
international  flows  in  and  out  of  U.S.  airports  are  listed  separately. 

Subsection  2.1  discusses  the  procedure  for  allocation  of  these  macro, 
national  demands  to  air  hubs  in  proportion  to  their  respective  shares  of  the  total . These 
shares  are  inputs  and  may  be  derived  from  recent  airport  activity  statistics  or  from 
independent  analyses  generating  scenarios  which  project  significant  changes  in 
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percentage  shares  among  the  hubs.  Subsection  2.2  details  the  procedure  for  estimat- 
ing the  lower  hold  capacity.  The  cargo  markets  served  from  each  hub  are  analyzed 
by  the  computer  program  to  develop  measures  of  fleet  mix,  equipment  capacity, 
capacity  utilization  unique  to  each  hub,  and  the  coincidence  of  lower  hold  capacity 
with  the  cargo  demand  on  each  route.*  The  projected  lower  hold  usable  capacity  at 
each  hub  is  developed  by  first  translating  the  latest  FAA  hub  passenger  enplanement 
forecasts  into  required  available  seats  and  subsequently  into  tonnage  capacity,  using 
projected  values  of  the  carrier  operating  parameters. 

Subsection  2.3  covers  the  procedure  for  allocating  the  projected  cargo 
enplan  ement  tonnage  to  the  usable  lower  hold  capacity  at  each  hub  on  the  basis  of 
hub  unique  enplanement  load  factors  whose  trends  reflect  that  of  the  system -wide 
enplanement  load  factor  which  is  an  input.  The  residual  cargo  demand  can  then  be 
allocated  to  freighter  flights. 

Subsection  2.4  details  the  translation  of  this  residual  enplaned  cargo 
tonnage  at  each  hub  into  freighter  departures  in  accordance  with  estimates  of  equip- 
ment size  and  enplanement  load  factors  for  freighters.  System-wide  estimates  of  these 
two  parameters  ore  inputs  which  the  model  translates  into  hub  unique  values.  As  in 
the  case  of  the  lower  hold  capacity,  the  computer  analysis  of  past  operations  of 
freighters  using  the  service  segment  data  is  also  a basic  input  to  this  portion  of  the 
procedure . 

This  procedure  gives  consideration  to  the  latest  carrier  operating  strategies. 
Such  factors  as  equipment  assignment,  routing  and  scheduling  practices  and  local 

* This  computerized  analysis  of  the  key  system  operating  parameters  is  based  on  the 
latest  available  CAB  Airline  Service  Segment  Data  Tapes  (one  month,  one  quarter, 
or  one  year's  aggregate  data).  The  twelve  months  ending  March  1975  constituted 
the  latest  available  tapes  for  this  project  and  form  the  basis  for  projections  in  this 
report. 
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enplanements  which  result  from  the  relative  position  of  hubs  and  routes  in  the  overall 

air  network  are  accounted  for  by  a series  of  direct  and  indirect  measures  of  hub 

unique  capacity  and  capacity  utilization.  Multiple  stop  service  with  passenger 

flights  and  freighters  has  been  a common  practice  for  providing  frequent  service  to 

many  points  unable  to  support  frequent  direct  service  by  large  aircraft.  This  procedure 

gives  consideration  to  the  fact  that  some  portion  of  the  theoretical  capacity  departing 

from  a hub  is  committed  to  upstream  and  downstream  points  and  is  thus  unavailable  to 

the  local  demand. 

The  approach,  as  outlined  above  and  detailed  in  the  subsequent  subsections, 
has  been  followed  in  developing  the  FAA/'^TSC  base  projection  of  cargo  tonnage  en- 
planements and  freighter  departures  presented  in  Section  3 of  this  paper. 

2.1  PROJECTION  OF  ENPLANED  CARGO  TONS  BY  HUB 

Aggregate,  national  forecast  of  enplanement  tons,  such  as  shown  on 
Table  1,  can  be  allocated  to  air  hubs  in  proportion  to  a projection  of  their  respective 
shares  of  the  total . This  procedure  may  be  used  for  all  large,  medium  and  small 
hubs,  but  has  been  limited  in  this  project  to  twenty-five  large  hubs.  Table  2A  lists 
percentage  shares  of  national  domestic  freight  (including  express)  enplanements  at 
each  of  the  twenty-five  large  hubs  which  were  derived  from  the  base  year  airport 
activity  extracted  by  TSC  from  the  CAB  Airline  Service  Segment  data.  Domestic 
mail  enplanements  were  separately  derived  by  others  and  incorporated  here.  A study 
of  CAB  Airport  Activity  Statistics  over  the  recent  historical  record  indicates  no  signifi- 
cant instabilities.  The  hub  shares  are  projected  to  be  essentially  constant  for  the 
forecast  years.  However,  these  market  shares  could  be  varied  for  each  forecast  year 
if  independent  analysis  indicated  significant  trends  for  one  or  more  hubs  or  for  one  or 
more  of  the  services. 
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Table  2A.  Hub  Share  of  Domestic  Cargo  Enplanements 


Hub 

Freight  & Express 
lbs.  (000) 

Freight  & Express 
Hub  % of  System 
Total  Enplanements 

Mail 

Hub  % of  System 
Total  Enplanements 

ATL 

231,542 

4.71 

8.07 

BOS 

126,370 

2.57 

2.74 

CHI 

667,892 

13.60 

8.29 

CLE 

102,456 

2.08 

1.48 

DAL/FTW 

138,940 

2.83 

3.68 

DEN 

104,154 

2.12 

1.90 

DTW 

172,732 

3.52 

2.66 

HNL 

93,042 

1.89 

0.62 

lAH 

77,744 

1.58 

1 .83 

KAN 

41,327 

0.84 

2.25 

LAS 

5,859 

0.12 

0.20 

LOS  ANG 

598,323 

12.18 

5.17 

MIA/FTL 

144,860 

2.95 

1.58 

MSP 

92,310 

1.88 

2.50 

MSY 

30,080 

0.61 

0.80 

NYC/NWK 

614,621 

12.51 

11.12 

PHL 

109,700 

2.20 

2.82 

PHX 

lb, 172 

0.51 

0.77 

PIT 

48,528 

0.99 

1.67 

STL 

60,973 

1.24 

2.41 

SFO/OAK 

369,603 

7.52 

3.77 

SJU 

68,246 

1.39 

0.43 

SEA/TAC 

156,563 

3.19 

1 .94 

WAS/BLT 

92,452 

1 .88 

7.16 

TPA 

29,084 

0.59 

0.91 

Total 

Large  Hubs 

4,202,673 

85.53 

76.77 

Total 
All  U.S, 
Airports 

4,912,148 

100.00 

100.00 
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For  internafional  enplanements  at’  U.S.  airports,  percentage  shares  shown 
on  Table  2B  are  derived  from  Department  of  Commerce  data  on  exports  by  air.  This 
data  source  is  superior  to  CAB  airport  activity  statistics  in  that  total  export  enplane- 
ments by  all  carriers  including  foreign  flag  carriers  are  provided,  whereas  the  CAB 
data  does  not  include  foreign  flag  activity.  The  percentage  distribution  of  the  national 
aggregate  freight  and  express  tons  enplaned  at  U.S.  airports  was  used  for  international 
mail  enplanements  because  no  such  hub  share  analysis  was  included  in  the  basic 
source  for  the  mail  forecasts.  Hub  shares  for  domestic  services,  international  services, 
freight  (including  express)  and  mail  are  estimated  separately.  The  separate  elements 
of  "cargo"  (i.e.,  freight,  express  and  mail)  are  aggregated  for  the  domestic  and  for 
the  international  services  |ust  before  input  to  the  computer  program.  Tables  B-14, 
B-26,  and  B-38  in  Appendix  B of  this  paper  show  the  results  of  distributing  the  national 
aggregate  enplanements  for  each  of  the  cargo  elements  and  the  aggregation  by  hub. 

2.2  PROJECTION  OF  PASSENGER  FLEET  LOWER  HOLD  CARGO 
CAPACITY  BY  HUB 

2.2.1  PROJECTED  PAX  AIRCRAFT  SIZE 

The  lower  hold  capacity  of  the  passenger  fleet  serving  each  hub  is  a function 
of  the  size  of  the  aircraft  providing  the  passenger  service  at  the  hub  and  the  number 
of  departures. 

Aircraft  size  will  be  examined  first.  Analysis  of  the  various  types  of  air- 
craft*, their  respective  average  available  seats,  and  the  available  lower  hold  cargo 
capacity  (allowing  200  lbs.  per  passenger  and  baggage)  indicates  a direct  relation- 
ship between  available  seats  and  available  cargo  tons  per  airplane  departure.  (See 
Figures  lA  and  IB.)  The  CAB  airline  service  segment  data  provides  the  means  to 

* Aircraft  types  considered — narrow  body  jets  with  two  engines,  three  engines,  and 
four  engines;  and  wide  body  jets  with  three  engines  and  four  engines;  and  all  others. 
Source:  CAB  Aircraft  Operating  and  Performance  Statistics. 
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Table  2B.  Hub  Share  of  U.S. -International  Cargo  Enplanements . 


ATI 

BO 

CH 


CLE 

DAL/FTW 

DEN 

DTW 

HNL 

lAH 

KAN 

LAS 

LOS  ANG 
MIA/FTL 
MSP 
MSY 

NYC/NWK 

PHL 

PHX 

PIT 

STL 

SFO/OAK 

SJU 

SEA/TAC 

WAS/BLT 

TPA 


Total  Large  Hobs 


Total 

All  U.S.  Airports 


Tons  Exported  (F&E) 

Hub  % System  Total 

3,145 

0.19 

39,615 

2.43 

151,697 

9.31 

8,257 

0.46 

7,470 

0.20 

2,000 

0.12 

35,594 

2,18 

20,000 

1.20 

23,450 

1.44 

675 

0.40 

TOO 

O.OI 

104,616 

6.42 

216,291 

13.28 

3,186 

0.20 

7,992 

0.49 

643,135 

39.48 

15,000 

0.92 

200 

0.01 

750 

0.05 

275 

0.02 

61,804 

3.79 

13,928 

0.86 

10,872 

0.67 

10,441 

0.65 

1,147 

0.07 

1,381,640 

84.85 

1,628,917 

100.00 



Source;  U.S.  Department  of  Commerce,  Bureau  of  the  Census.  U.S. 
Exports  by  Air,  1974. 
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Number  of  Seats  Per  Departure 

Figure  IB.  International  - Passenger  Aircraft  Lower  Hold  Cargo  Capacity. 


represent  the  current  mix  of  aircraft  types  serving  each  hub  and  route  in  terms  of  an 
average  number  of  available  seats  per  departure.  The  growth  trend  of  this  average 
for  each  hub  and  route  can  be  assumed  to  reflect  the  system-wide  growth  trend  in 
equipment  mix  and  average  seats  per  departure.  Therefore,  the  system  historical 
trends  and  projections  have  been  developed  for  domestic  and  international  systems 
and  are  shown  in  Figure  2.  The  average  aircraft  size  for  each  hub  (and  each  market 
group  which  is  explained  below)  derived  from  the  service  segment  data  are  shown  in 
Appendix  B,  Tables  B-8,  B-20,  B-32. 

2.2.2  MARKET  GROUPS 

It  is  obvious  from  the  non-linear  relationship  between  size  of  aircraft 
and  lower  hold  capacity  that  gross  errors  could  be  introduced  by  using  a single  average 
aircraft  for  all  routes  served  by  flights  departing  a hub.  Many  short  hauls  and 
smaller  cities  are  served  with  small  aircraft  with  greater  than  proportionate  reductions 
in  lower  hold  capacities  than  would  be  indicated  by  an  average  of  all  markets. 

Ideally,  the  analysis  of  capacity  should  be  performed  by  individual  city-pair.  Econ- 
omy dictates  some  form  of  aggregation  of  markets  by  type.  The  criteria  selected  for 
grouping  markets  was  the  relative  alignment  of  cargo  and  passenger  demand  rather 
than  size  of  aircraft  serving  the  route.  It  was  reasoned  that  larger  aircraft  generally 
serve  longer  haul  morkets  between  major  cities  which  would  be  heavy  cargo  markets, 
while  smaller  aircraft  generally  serve  shorter  hauls  and  routes  between  smaller  cities 
which  would  tend  to  be  light  cargo  markets.  Therefore,  a meosure  such  as  the  ratio 
of  enplaned  cargo  weight  to  enplaned  passengers  would  provide  a means  of  grouping 
markets  in  terms  of  alignment  or  coincidence  of  the  two  major  flows  - passenger  and 
cargo. 
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. Flag  Carrier  - Average  Available  Seats  Per  Departure. 


The  CAB  service  segment  data  permits  computation  of  a measure  of  alignment 
of  passenger  and  cargo  flow.  The  current  ratio  of  enplaned  cargo  pounds  to  enplaned 
passengers  for  each  on-flight  origin  and  destination  pair  provides  a measure  or  index 
number  by  which  all  destinations  served  from  a hub  may  be  assigned  to  either  one  of 
several  groups  of  markets.  Two  groups  have  been  selected  for  this  current  version  of 
the  computer  program.  Group  No.  1 contains  those  markets  with  an  index  greater  than 
the  weighted  average  pounds  per  passenger  enplanement  ratio  for  each  hub,  ond 
Group  No.  2 contains  those  markets  with  an  index  less  than  the  average.  Assigning 
each  origin-destination  pair  to  either  Group  No.  I or  Group  No.  2 permits  computa- 
tion of  the  percentage  of  the  total  passenger  enplanements  from  a hub  flowing  to  each 
group  of  markets  and  the  percentage  of  the  total  cargo  enplanements  from  the  hub 
flowing  to  each  group  of  markets.  Therefore,  using  these  group  percentages  of  total 
enplanements,  the  projected  cargo  enplanements  input  are  split  between  Group  1 and 
Group  2 markets.  Likewise,  the  passenger  enplanements  and  consequently  the 
passenger  fleet  capacity  is  split  by  market  group.  Thus,  for  a given  hub,  o large 
percentage  of  the  projected  cargo  demand  may  be  assigned  to  a small  percentage  of 
the  projected  passenger  fleet  lower  hold  capacity  if  the  majority  of  that  capacity  is  in 
low  cargo  markets.  Although  inputs  to  the  model  are  limited  to  hub  level  detail,  all 
the  demand  inputs,  capacity  measures  and  load  factors  are  computed  internally  at  the 
market  group  level.  Tables  B-2  through  B-43  in  Appendix  B display  Intermediate 
calculations  at  this  market  group  level.  In  the  subsequent  discussions  in  this  paper, 
all  computational  steps  apply  to  the  market  group  level  even  though  not  explicitly 
stated . 
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2.2.3  ESTIMATING  PAX  FLIGHT  DEPARTURES 


'I 


EsHmaMng  the  number  of  departures  of  the  "overage"  passenger  airplane 

to  eoch  market  group  at  each  hub  is  the  next  step  in  the  procedure.  The  number 

of  departures  is  calculated  by  multiplying  the  average  seats  per  departure,  obtained 

★ 

from  the  previous  step,  by  an  average  passenger  enplanement  load  factor  and 
dividing  this  product  into  the  projected  passenger  enplanements.  The  model  ac- 
cepts, as  input,  a possenger  enplanement  forecast  for  each  hub  for  each  service 
(i.e.,  domestic  and  international).  Appendix  A details  the  steps  taken  by  TSC 
to  produce  the  required  passenger  demand  inputs  from  the  latest  FAA  Terminal 
Area  Forecasts.  Tables  B-14,  B-26  and  B-38  in  AppendixB  list  the  values  used  for 
the  base  projections.  The  model  also  accepts,  as  input,  a projected  system  average 
passenger  enplanement  load  factor,  which  is  used  internally  to  project  the  individual 
hub/market  passenger  enplanement  load  factors  developed  from  the  base  period  ser- 
vice segment  data.  These  projected  hub/market  passenger  enplanement  load  factors 
are  shown  in  Tables  B-9,  B-21  and  B-33  of  Appendix  B. 

2.2.4  TOTAL  LOWER  HOLD  CAPACITY 

The  total  lower  hold  capacity,  in  tons,  theoretically  available  to  a hub/ 
market  is  therefore  the  product  of  the  average  lower  hold  capacity  per  departure 
and  the  total  number  of  departures  of  passenger  flights  as  indicated  above. 


*The  passenger  enplanement  load  factor  is  that  percent  of  the  theoretically  available 
seats  actually  used  by  the  specific  hub.  An  airport  on  a multistop  route  may  consistent- 
ly use  a small  portion  of  a large  airplane  because  the  upstream  or  downstream  airports 
use  the  remaining  capacity.  A much  larger  number  of  flights  may  service  such  an  air- 
port than  would  be  indicated  by  the  local  enplanements. 
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2.3  ALLOCATION  OF  PROJECTED  HUB/MARKET  CARGO  TO  PAX 

LOWER  HOLDS  AND  ESTIMATING  RESIDUAL  DEMAND 

2.3.1  USABLE  CAPACITY 

All  of  this  theoretical  lower  hold  capacity  departing  a hub/market 
is  not  necessarily  available  for  use  by  that  hub/market.  Some  heavy  passenger  flows 
are  not  coincident  with  the  cargo  "demand"*  because  of  departure  schedules.  Also, 
as  stated  above  relative  to  passenger  enplanements,  an  airport  on  a multistop  route 
may  consistently  use  a small  portion  of  a large  airplane  because  the  upstream  or  down- 
stream airports  use  the  remaining  capacity.  A much  smaller  capacity  may  be  avail- 
able to  such  an  airport  than  would  be  indicated  by  the  theoretical  capacity.  Some 
means  is  required  to  discount  the  theoretical  lower  hold  capacity  which  is  unusable  be- 
cause of  this  mismatch  of  passenger  and  cargo  schedules  and/or  because  of  the  multi- 
stop service  on  certain  routes.  The  CAB  service  segment  data  permits  computation  of 
a current  and  projected  hub  lower  hold  enplonement  lood  factor**  which  is  a re- 
flection of  the  above  situations  as  the  system  is  now  operated.  Tables  B-18,  B-30  and 
B-42  In  Appendix  B list  the  projected  total  lower  hold  usable  capacity  for  each  hub/market. 

2.3.2  ALLOCATION  TO  LOWER  HOLDS 

The  previous  step  provides  the  means  of  estimating  the  passenger  fleet  lower 
hold  capocity  ovailable  for  cargo  service.  Projected  cargo  tonnage  is  next  allocated 
ta  the  lower  holds  by  market  group,  out  of  each  hub,  until  this  "usable"  lower  hold 
capacity  of  the  market  group  is  exhausted  and  a residual  demand  remains  which  must 
be  satisfied  by  freighter  departures  or  left  unsatisfied.  Surplus  lower  hold  capacity  in 

*True  origin  to  destination  cargo  demand  cannot  be  measured  at  the  present  time  be- 
cause true  O&D  statistics  are  not  available.  Demand  in  this  case  refers  to  the  on- 
flight  O&D  which  should  be  adequate  for  the  airport  octivity  interest. 

**Lower  hold  enplanement  load  factor  is  that  portion  of  the  theoretical  available 
capacity  actually  used  by  the  specific  hub. 
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one  market  group  is  of  no  use  in  another  market  and  must  be  wasted.  The  usable 
lower  hold  capacity  in  each  hub,  to  each  market  group  is  in  part  determined  by  the 
passenger  and  cargo  demand  splits  into  the  market  groups  and  in  part  by  the  projected 
lower  hold  enplanement  load  factor  and  the  overage  aircraft  size  serving  the  group. 

The  computer  program  constructs  the  groups,  assigns  demands  and  calculates  unique 
aircraft  size  and  load  factor  values  from  the  inputs.  Allocations  to  lower  hold  service 
in  the  aggregate  are  determined  to  a large  extent  by  the  exogenous  and  independent 
projections  of  the  demands  and  the  system  average  values  for  aircraft  size  and  enplane- 
ment load  factors.  Page  1 of  Table  3 lists  the  values  used  as  inputs  for  the  base  pro- 
jections which  were  derived  by  concensus  among  the  project  analysts  and  FAA  and 
TSC  project  management.  Having  allocated  the  total  cargo  demand  to  the  lower 
holds  until  either  the  usable  capacity  or  the  demand  are  exhausted,  any  residual  de- 
mand for  a market  group  is  assigned  to  freighters. 

2.4  TRANSLATION  OF  RESIDUAL  CARGO  DEMAND  INTO  FREIGHTER 
DEPARTURES 

Annual  freighter  departures  to  each  market  group  from  an  air  hub  are  a func- 
tion of  the  annual  tonnage  to  be  lifted,  the  freighter  fleet  mix  serving  the  hub/market 
and  the  enplanement  load  factor.  Having  developed  the  projections  of  the  residual 
tonnage  demand  requiring  freighter  lift  to  each  market  group,  these  later  factors 
must  be  estimated.  Analysis  of  the  system-wide  trends  in  the  growth  of  aircraft  and 
the  portion  of  available  airplane  capacity  used  by  each  hub/market  yields  measures 
which  adequately  reflect  the  development  of  the  freighter  fleet  and  air  carriers 
current  practices  of  aircraft  ossignment,  routing  and  scheduling.  It  can  be  assumed 
that  the  general  pattern  of  route  assignment  of  equipment  and  scheduling  will  not 
change  radically,  that  the  average  size  of  freighter  aircraft  will  continue  to  gradually 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data,  April  1974  - March  1975  - U.S. 
Flag  Carriers. 


hUF  ! 

! A^l  (ACTUAL) 

OCM 

1 NT 

VO. 

fax  CEOT  . i 

195567. 

1253. 

TOT 

TO  S Et  PL  Fax  L,  r-  . I 

1^9269 , 7 

991.3 

AV  . 

SEATF/u-EFAnTUnF  i 

115,2 

127.5 

Av  . 

FAX  E\KL.  L.  f . i (*4) 

5A  .6 

54.6 

4 V . 

L.  H.  CAWGO  CAFaCITy/DCPT, (LFS) 1 

7177,6 

4772.5 

A V . 

L . H . CARGO  EVPl  t . P . : < V ) 

21,3 

33.2 

VO. 

FRT(?  ElTS.  i 

2089 , G 

0.7 

T ?T 

T O'  S Ev  PL  F-.TK  : 

18463,6 

0.0 

4 V . 

FRTH  CAPACl TY/OLPT . (LBS) : 

57042  , 

0. 

4 V . 

FRTR  EVPL.  u.  P. : IX) 

31.7 

0.7 

MUC 

! eCS  (ACTUAL) 

DOB 

IVT 

VO. 

FAX  FL.T  dept  , I 

8171  »5F  , 

5539. 

TOT 

T Jf  S EVPL  Pax  l . H . 1 

46031 ,9 

5955.2 

AV  . 

SEaTO/CEPARTURE 1 

111,5 

156. S 

A V . 

FAX  F\“L.  L.  P . 1 C4) 

48,7 

44 . 4 

A V . 

L.  H.  CARGO  CAPaCITy/DEPT, (LRS) ! 

7037,6 

13008 . 9 

AV. 

L.  H.  CARGO  EV^’i.  L.  P,  : IX) 

16,9 

16.5 

VO  , 

FRtr  flTS  , : 

1859,7 

274.0 

TOT 

TOr.S  E'.PL  P-iTnl 

33149,7 

3928 . a 

AV. 

PRTR  f aPACITV/OlPT, (LBS) : 

8282"  , 

80842  . 

AV  . 

FRTR  E'-.PL,  P.  : (%) 

43,1 

35.5 

MJF  : 

! C'M  (ACTUAL) 

DOM 

INT 

to. 

FAY  FLT  dept  . 

261677. 

4949. 

TOT 

TOVS  E'  PL  PaX  L . . 1 

238005.2 

11306,2 

AV  . 

'EATS/l.)EPARTUr<E  1 

127,2 

158,0 

AV  . 

PAX  EVPL.  L.  E . 1 <«) 

57,2 

53.7 

AV  . 

L.  H.  CARGO  CaFACITy/DEPT, (LBS) 1 

8991,1 

14188.5 

A V . 

L . H . largo  EVPl  L . P . t ( % > 

27.2 

32.2 

VO. 

ER’-R  f LTS.  { 

12321,3 

923.7 

TOT 

TOVS  EVPL  PKTk: 

184253,6 

22167.5 

AV  . 

PRTR  CAPACl TY/OEPT . (LBS)  ; 

76789 . 

69793. 

A V . 

PRTR  £VPL . L . E, t (\) 

38,9 

53.5 

MIJF 

: OlE  (ACTUAL) 

COM 

I\T 

VO . 

PAX  ElT  dept  . 1 

55772. 

123. 

TOT 

TO^'S  EVPL  Pax  l . h . I 

40787,9 

136.2 

A V . 

SEaTS/DEPARTUhEI 

106,8 

123.1 

AV  . 

Fax  Enpl.  L.  P . 1 (X) 

45,8 

35.0 

A V . 

L.  M.  CARGO  CA°ACITy/OEPT, (LBS) 1 

6591,9 

15608.5 

AV  . 

L.  H.  CARGO  EVPl  L.  E,  I iX) 

22,2 

14.2 

VO. 

FRTR  ElTS  . 1 

1323,7 

0.0 

TQT 

TO'-S  EVPL  PRTRI 

21467,9 

0.0 

AV  . 

PRTR  CAPACl TY/OEOT . (LBS) : 

90667 , 

0. 

A V . 

PRTR  EKPL.  L.  P. : (%) 

35,8 

0.0 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data,  April  1974  - March  1975  - U.S. 
Flag  Carriers  (Continued). 


: 'AL'f"''w  (act, 'A.) 

(jCM 

I XT 

j • 

Pax  rtT  OLPT . : 

133930 , 

2576. 

T . T 

TC  S L'P'L  t'-x  L.  r.l 

"1675 . 1 

1936.3 

V'  . 

'r  aT-;/,  t;PAtJTIJ„r  ; 

116,5 

142.1 

A V . 

PAX  P'.PL.  L.  f . ! (M 

44,5 

42.3 

AV  , 

1.  n.  '■A«&1  CAPA  :i-ry/,  Ft-T  , (UPS)  1 

8334,4 

12269.7 

A ).  . 

L . . CARGO  F xP..  ...  F , : ( !r  ) 

14,6 

12.3 

''u  . 

F R f R F 1.  T S . : 

2483,0 

7 . 7 

T 'T 

■'O  S F'PL  F-,T„: 

21614,5 

0 . 7 

A V , 

Capac  I ’ v/PlPT  . ( ^i-S  ) : 

S6996 , 

0. 

A V . 

F'X’-P  F'PL.  u . F . : (■/,) 

30,5 

0.7 

i-J  U r 

■JFN  (ACTJ..L) 

QCM 

I XT 

' 0. 

FAX  flt  C'E°’.: 

94665  , 

1713. 

r ..  T 

TD'  5 E'.PL  L . t-  . 1 

64443,1 

1536,6 

A V . 

SF  aT  ;/r  FP  aR  ri.i^r  1 

111  ,2 

113.9 

A V . 

PA-  F |_.  L.  F.  i (V.) 

49 , 9 

55.8 

A '/  . 

L.  -t.  CARGO  CaPaCITv/OLPT,  (LPS)  i 

6435,7 

6988.5 

AV  . 

L . H.  cargo  E'\Pl  l.  F,  : (50 

16,1 

43 . 4 

‘ ''  . 

F T R F L T S . : 

467,7 

7 , 7 

f 'T 

TO  S o PL  f.,t-x  : 

4(302,7 

7.7 

AV  . 

FRIS  CAPAcrv/-'c.PT.(LRS): 

57734  , 

0. 

A >/  . 

PnTR  Lr  PL  . x.  . F.  : (Sj 

3T,1 

7 , 0 

I-I  Ji 

0T«  (-CT'ImL) 

OCM 

INT 

► r>  ^ 

PAX  t lT  CEPI  . I 

72636  , 

2343. 

T 1T 

TO'  s E-  PL  P-X  L . n . 1 

57881,3 

2772,7 

A \/  . 

Sf  aT';/;  fpapT  URF  i 

116,8 

127,7 

A ''  . 

PA\  r xPL.  L.  F . i 1%) 

42.6 

33.7 

A 7 . 

1.  H.  CARGO  CapaCITv/C'ERT.  (LRS)  i 

6981  ,9 

9618,0 

A V . 

L . H . cargo  FixPl  l . P . : (X  ) 

17,7 

18.4 

' .1  . 

FRTR  FlTR  . ! 

3172.8 

187.2 

TCT 

TO'S  Ft  PL  F-xTR! 

47592 , 7 

3797.9 

A S'  . 

FRTR  CAPACPV/Pt.PT.(LBS): 

83725, 

76686, 

A V . 

Fh"R  E'  PL.  F.  : (St) 

36.9 

43.2 

WIJP- 

ri'^L  (ACT"«L) 

OOM 

IMT 

FAX  F(_  T PE°T  , : 

38814  , 

2745, 

TOT 

TO'S  ECPL  PAX  L . . 1 

41121.5 

9468.7 

A 7 . 

SEATO/r  EPART'JnE  1 

155,2 

254.9 

As  . 

PAX  F'^PL  . L . F . i 1 ’A) 

67.8 

42.7 

AV  . 

1.  H.  CARGO  CaPac-ITv/OEPT,  (LBS)  ! 

9236.2 

27555.5 

A V . 

L . H . CARGO  E^>Pl  u . F . : ( X ) 

22.8 

25.7 

’.P  . 

FR  TR  F'.  TR  , : 

2316,7 

484.0 

Tr  f 

f r S EXPL  F..T., . 

17649,5 

9717.4 

A V . 

FRTfi  caPacI Tv/OtPT . (LBS) : 

36244 , 

74445 . 

A V . 

FRTR  F’ PL.  t.  F, : oi) 

42,1 

57.1 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data,  April  1974  - March  1975  - U.S. 
Flag  Carriers  (Continued). 

t-  . : : ! ( - Cl  ) DC  N-  I \ T 


• . Pi-  PlT  ft-p'  . : 

5FB84  , 
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t.  , ..  T - / L P'AP  ti..,!-  ; 
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A ' . Pi  P t L . L . f . i t 

) 

44.2 

46 . 2 

A''.  1.  r-.  PArG”'  CAP-"! 

’v/OFf  (LPS)  ! 

a ft  7 p , f 

6412 . 8 

A..  L.  t.  tAP'uC  P\P_  .. 

. P . : (?  ) 

14,7 

25 . 9 

- . r-Tt,  ; tF  . ; 

«61  .7 

2 . 7 

t fU  P-Tn! 

16531.7 

7 . 7 

/ . . PAT-  C - F A C : ' ' c P ’ 

. ( LP‘= ) : 

71765  , 

K » 

V . A -<  ■"‘t  ; PL  . ^ . P . : 

(/. ) 

54  ,7 

2.7 

A : ' V..  ( A C 1 i . J 

DCM 

] V,T 

■>  , , f A < P t.  ^ r F.  P ' . ! 

57P67  , 

97  . 

P )1  Tu  ■>  L PU  °-x  ,■ 

. 1 

P9777.5 

14.2 

A.,  SLA  It/  LPAi'jnPl 

177  ,5 

127.2 

A u ^ P A ^ P ' ' L • w • f • t ( 

X ) 

4 1,7 

49.5 

A . L.  n.  paFGO  C-PAr; 

Tv/CFPT.  (lPS)  1 

6817.5 

9948 . 1 

A V . 1 . t-  . C A p G ''  F . P u L 

. P . : ( “a  ) 

17  . 1 

2.9 

*> ; , P n 7 P f L T S , ; 

542,3 

22.7 

T'  T TO'  S ;;  PU  PnTr, : 

559?  , ? 

143.7 

AU.  FK7K  CAPACIPT/IlPI 

. CL8':)  : 

752o7  . 

75267. 

AV.  tpTp  f.  'PL.  L.  P|! 

( 5t  ) 

27 . 4 

16.8 

‘'.'t  : L..S  (-Cl'UU 

DCM 

I M 

'0.  LAV  PlP  flFP'.: 

41317, 

368. 

T'l  TO  s E PL  P-V  1- 

• 1 

4141,3 

15,4 

A 'V  . S t.  ' T A / ' F P A P * L’  T P t 

114.8 

96 . 8 

A . . PA'  P ;!  L . L . ( . i 1 

?4) 

51.1 

43.8 

A ^ . i.  . M . " AMGC  C-°AC  1 

tv/l.FP'p.  (uOS)  I 

715'’ , 1 

4979.9 

A\.  L«  t»,  -"APaO  F'P..  ^ 

. F . : ( V ) 

2 . 8 

1 . 7 

' ' , p T ' M f . S . : 

2,C 

0 , 7 

rnT  T'.'S  1 P;.  P-,’'-; 

21  .9 

2,7 

i \ . P-i''A  CA^iC!’x/'t.P7 

. ( L?>  ) : 

76247  , 

7 . 

4 _ c-.-'P  ^ Cl,  ..  P,; 

( '<• ) 

2®  ,7 

7 . 7 

>-,p:  ."S  a'G  «.  ) 

QOM 

! NT 

’.J,  P A-  P lT  "1  = ' , : 

129747  , 

5507  . 

’i/T  TC‘  S F'-PL  P’aX  ^ . r 

. 1 

1«4P47 , ft 

13161.8 

As',  Sr  ATC/  tPA-  * .,nP  1 

142,1 

209,6 

AV.  pav  p'O^l.  ...  P.:  i 

•' ) 

4*  , 8 

43.5 

AV.  L.  CAPk..-'  C-P-Cl 

’V /CFPT  , ( LhS  > 1 

11997 . 9 

19228.3 

A';.  L.  H.  caPGj  F.^u  w 

. F . : ( M 

23.9 

24.9 

_ p K ’ K P , T s . ! 

6472.7 

227.3 

Tot  TO'  S i • PL  Pa  x.,  . 

159771  ,7 

2337 . 6 

AV.  PRT>^  CAPACI’''/-t.P1 

. ILpSJ  : 

‘<2371  . 

76137. 

AV,  F-ITR  L‘PL,  u.  p.: 

(%) 

45,8 

2 7,7 

20 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data,  April  1974  - March  1975  - U.S. 


HUF  : 

Flag  Carriers  (Continued). 

MIA/FTl  (actual) 

OCM 

I NT 

^0. 

FAX  ri_T  dept  . ! 

97794 , 

9806  . 

TOT 

TOt  S ENPL  Pax  u . n . i 

A72k)9.9 

11654 . 4 

A V . 

SEATS/OEPARTUnE ! 

132,3 

136.8 

A V . 

FAX  enpl.  l.  f . I r<) 

43,6 

53.6 

A V . 

1.  H.  CARGO  CaPaCITv/OEPT,  (LPS)  1 

9371,2 

8382.3 

A V . 

L.  H.  cargo  EnPu  u.  F.  ! U) 

14.7 

28 . 4 

NO. 

PRTR  FlTS.I 

954  ,e 

1,^23,0 

TOT 

TO'jS  E''PU  FRTn: 

18625,7 

31247 . 2 

A V . 

CaPACITy/OlPT . (LBS) : 

70999 , 

77680. 

A V . 

FRTR  enPL.  u.  f. : (%) 

55, e 

78.3 

HUi^ : 

hSP  (aCTiJal) 

DOM 

INT 

NO. 

Fax  flT  DEPl  . : 

61227, 

1503. 

TOT 

TONS  E'  PL  PAX  . . h . 1 

52769.2 

2774 . 8 

AV  . 

seatf/oepartune i 

115,8 

132.1 

A V . 

FAX  ENPL.  L.  F . I (%) 

44 , e 

41.1 

A V . 

L.  H.  CARGO  CaPaCITv/dEPT. (LPS) « 

9287,0 

14996. 4 

A V. 

t.  H.  CARGO  ENPt  t.  F.  : (5() 

18,6 

24.6 

NO  , 

FRtr  FlTS.  I 

696,0 

1.0 

TOT 

tons  ENPL  FrTRi 

11431,5 

0.1 

A V . 

FR-'R  CaPACI  TY/OlPT  . (UBS)  : 

62962.  ' 

72840 . 

A V . 

FRTR  ENPL.  L.  F, : (%) 

52,2 

0.3 

HUS : 

HSY  (ACTUAL) 

DOM 

INT 

NO. 

FAX  FlT  dept.: 

40545 , 

637  . 

TOT 

TO‘'S  ENPL  PAX  L.  h.  1 

19251,4 

596.3 

AV  . 

seats/departuhE I 

114,8 

131.2 

AV  . 

PAX  ENPL.  L.  F . 1 (N) 

44.1 

34.6 

AV  . 

L.  H.  CARGO  CaPACITV/DEPT. (LBS)  1 

7649,9 

5700.6 

AV  . 

L . H.  cargo  EnRl  L . E . 1 (X ) 

12,4 

32.9 

NO. 

FRTR  ElTS,  I 

140,0 

0.0 

TOT 

TONS  ENPL  FRTHI 

833,4 

0,0 

AV. 

FRTR  CAPACITY/OLPT. (LBS) : 

94144  , 

0. 

AV. 

FRTR  ENPL.  L.  F, : (%) 

12,6 

0.0 

HUE  ! 

: NYC/NHK  (actual) 

DOM 

INT 

NO. 

Fax  flT  dept,  i 

224336, 

20081 . 

TOT 

TONS  ENPL  PAX  L . h . 1 

184943,7 

54688.0 

AV. 

seats/departurei 

122,5 

185 . 6 

A V . 

fax  E\fl,  l.  F . I IX) 

51.8 

50. 

A V . 

L.  H.  CARGO  CaPacITY/DEPT, (lBS) 1 

8231,3 

16134.2 

A V . 

L.  H.  CARGO  EnPl  L.  F. : (X) 

20,0 

33.8 

NO. 

FRTR  FlTS,  I 

11169,2 

2610 . 0 

TOT 

TONS  ENPL  FHTni 

219145,4 

74387.6 

AV  . 

FRTR  CaPaCITY/DlPT  . (LBS) : 

82725, 

89938  . 

A V . 

FRTR  ENPL.  L.  F. : (X) 

47,4 

63 . 4 

21 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data,  April  1974  - March  1975  - U.S. 
Flag  Carriers  (Continued). 


(ACT.IaL) 

OCM 

INT 

VC.  ci,T  pt.Pl  . : 

6548P  I 

2720, 

TpT  TO'  S F'.PL  Pax  Li  I-  . I 

A 5 86 4 ,3 

1347.8 

AV.  SLATS/'-EPAPrUnt;  i 

113,3 

143.5 

AV  . PAX  Pt.PL.  L.  f . i tio 

43,8 

35.3 

AV.  L.  >1.  CARCiO  CaPaCI  Ty/CEPT  . (LFS  ) 1 

7376 , 7 

10464 . 1 

AV.  L . ”•  PAR50  P >Cu  L . P.  ! Cx) 

19. e 

12,8 

'0.  PR'^R  IvTS.: 

2454,7 

148.0 

TQl  10  S E'.Pl  P-tT.,. 

29245,4 

1745.2 

AV.  PP-rp  CaPACI  I'^.OtPT  . tUbS)  : 

76772, 

75759. 

AV . PRTP  r Pb , L . P, : (%) 

31, e 

18,6 

WUP  : Pli  UCT'.ial) 

DCK 

1N)T 

''C . Pax  PLl  CEPl  . ! 

87239  , 

936. 

Tpl  TO' S L' PL  PAX  L . r . 1 

37439,7 

360.8 

AV.  FFATS/'t'PARTjHei 

95,6 

109,4 

A V . PAX  P .’PL  . U . F . 1 ( I'') 

42, Z 

30.2 

AV.  L.  t’ . CARGO  CAPACi  TV/PFPT,  (tPS)  1 

5192,6 

5253.7 

A V . L . H . cargo  E\Pu  w . P . ••  ( ?s  1 

16,5 

14.7 

A.n.  PR1R  P;.TS.I 

4.7 

3 . 0 

■"-T  TQ-  S F'  PL  P-'T-c  ! 

44,7 

0.0 

AV.  FRtr  CapaC  I ’■y/OtPT  . ( LbS  ) : 

75995  , 

.0. 

AV.  PhTR  tPL.  L.  P.:  t%) 

29.4 

0.0 

MUF-  : blL  (ACT.'AL) 

OCM 

I M 

’.0.  pax  f'lt  OEpt  . i 

84465  . 

119. 

TOT  10  S f Pi  Pax  l I . 1 

41121,3 

38.4 

AV.  Pf  ATS/.-IEPaRTJh'F  1 

97,6 

130.0 

A V . Pax  p,vPl  . L . t . < 1 '/. ) 

42,7 

40.3 

AV.  L.  R.  CARGO  Ca  = AC1Tv/0£PT.  (IBS)  1 

5915,7 

9031.8 

A V . L . »i . CARGO  ExPl  l . P . : (7,  ) 

16,5 

7.1 

' ■ 0 . P R 1 R P i_  T S , ! 

772.9 

4 . 1 

TflT  T(j‘S  P PL  P-fri! 

7467 , 0 

72.5 

AV.  Pk’’R  CaPaC!  ’ v/OtPl  . (Lr-S)  : 

75263  . 

75264. 

AV.  F rtr  L-.PL.  l.  P.  : (y.) 

2».3 

46.8 

hu;  : SpO/Oak  (acTU‘L) 

OCM 

IM 

\C.  PAX  Put  CEpt.: 

177713  . 

3677  . 

y ol  TO-.S  E Pl  Pax  u.  . r . i 

170851 , 1 

10500.5 

AV.  PP  A TR/f'EPARTUnE  i 

128,9 

203.4 

A;'.  Pax  E'.fl.  l.  1 . i (%) 

47,4 

35.3 

AV.  L.  H.  CARGO  CaPaOITv/cEPT,  (IHS  ) 1 

9265,6 

21647.2 

AV.  L.  H.  CARGO  EaPl  l.  P.  : Ca) 

21,7 

26.4 

NO.  PBIB  P^TS.  1 

6496  , 4 

960 , 6 

’■('1  10'  S E PL  PaTf,  : 

127579,9 

24165.4 

AV.  PR.PR  CAPAC  1 ’’v/OtPT  .(  LbS  ) : 

84798  , 

78296. 

AV.  PR’R  E PL,  L.  P. : (%) 

43,8 

64.3 

22 


r 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data, 

April  1974  - March  1975  - U.S. 

Flag  Carriers  (Continued). 

1 . 

MlJi- 

: Sou  (ACTUAL) 

DCM 

INT 

1 

1 

N'O. 

FAX  FlT  DEPT . 1 

14064  , 

4219. 

[ , 

Tn7 

TOMS  E'XPL  PAX  L.  n.  1 

19499,4 

4221.8 

A V . 

FEaT<;/0EFaPTU«E  I 

201,8 

125.4 

4V  . 

FAX  FImPL.  L.  F.  I (%) 

58,9 

43.4 

A V . 

L.  H.  CAR&O  CAPAC I Ty/D£PT . (LBS ) » 

15733,1 

6977.6 

A V . 

L.  H.  CARGO  E\Pt  L.  F.  S (* ) 

l-*,6 

28.7 

ND  . 

FR’-R  UTS.  1 

955, e 

2.0 

TriT 

TJ'.S  F'.PL  FnTH: 

16962,6 

42.1 

A V . 

FRTF  CAPACITY/OLPT . (LBS) ! 

00331  , 

123502. 

• 

A ^ . 

FRTR  PL.  L.  F. : (X) 

44.2 

34.1 

: 

HUP 

: Sea/Tac  (aCT'JmL)  “ 

OOM 

1^T 

r 

\o. 

FAX  FlT  dept . t 

45050, 

2961. 

r 

TOT 

TO' S E PL  PAX  L.  h.  1 

66204,6 

3515,1 

A V , 

SEaTS/CEPaRTUkF I 

139,4 

173,1 

A V. 

PAX  r:.PL.  L.  F.  « (X) 

42,0 

41.7 

A V . 

L.  H.  OARCO  CAPaC1’'Y/DFPT,  (LBS)  1 

12255,4 

14162.6 

AV  . 

L.  H.  cargo  E'NPl  L.  F,  I (X) 

24,7 

19,4 

AO. 

FRTR  FlTS . I 

1824,5 

316.5 

TOT 

TO'  S E'.PL  FWTn  ! 

26625,3 

5638 . 6 

AV  . 

FRTR  CaPACI TY/OEPT . (LSS)  : 

84071  , 

82092. 

A V . 

frtr  F’.Pl.  u.  F.  : (X) 

34,7 

43.4 

w 0 P 

: aaS/BLT  (actual) 

OCM 

I NT 

NO  , 

fax  flt  oept  . : 

155761, 

3629. 

to;  s e‘ PL  PAX  L.  H. 1 

83312,7 

4856.6 

A V . 

SEaTSXDEPaRTUhE! 

102,1 

149.1 

A V . 

fax  F^PL.  L . F . 1 (X) 

46,8 

45.0 

AV  , 

L.  H.  CARGO  CAPaCITy/OEPT, (LBS) 1 

5920,1 

11017,6 

A V . 

L.  H.  cargo  E^PL  L.  F. 1 (X) 

18,1 

24.3 

' 0. 

FRTR  FLTS,  I 

563,9 

104.1 

T()1 

TO''S  E'PL  FRThii 

6838.3 

1312.6 

A V . 

FRTR  CAPACl  TY/Ot-PT  . (LBS)  : 

76217, 

71146. 

AV. 

FRTR  E*  PL.  L.  F.  : (X) 

41.1 

35.4 

HUP 

: TPa  (actual) 

DOM 

INT 

AO. 

Pax  FlT  dept . i 

45382. 

468. 

TOf 

TO'’S  E’  PL  Pax  l.  h . i 

20628,3 

45,1 

A V . 

?EaTS/o£ParTURE  I 

127,2 

139.3 

AV. 

fax  FmPL.  L.  F. t (X) 

39,8 

28,1 

AV. 

L.  H,  CARGO  CAPACITy/DEPT, (LBS) 1 

9105,3 

9863.3 

A V . 

L.  H,  cargo  E.sPu  L.  F.I  (X) 

10, e 

1.9 

A'O  . 

FRTR  FlTS . : 

0.0 

0.0 

TOT 

TOLS  E'PL  FRTki 

0.0 

0.0 

AV. 

frtr  CaPaCITY/DEpT, (LBS) : 

^ » 

0. 

A V . 

FRTR  E'-  PL  . u . F , : (X) 

0,0 

0.0 

23 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data,  April  1974  - March  1975  - U.S. 
Flag  Carriers  (Continued). 


U 1 J C 

: PHX  (aCTUAu 

OCM 

INT 

t.O  . 

PAX  TLT  dipt . i 

42467, 

547. 

TOT 

TO'-'S  F^-PL  PAX  L.  -h.  1 

leiiP.P 

68.2 

A V . 

ScATS/DEPAPTUnF i 

113,3 

103.1 

A \l  . 

PAX  Ft-PL.  L.  F . 1 (%) 

A?  , 7 

34.7 

A V . 

L.  H.  OAKtO  CAPACI TV/CEPT. (LBS ) : 

6214.9 

b395.5 

A V . 

L . H.  CAPGO  EinPl  l.  F.  : {!() 

17.4 

4,6 

^C. 

PRTR  FlTS. 1 

0.7 

TOT 

TO'  S F'JPL  FnTfil 

e.e 

0 . 7 

AV  . 

FRTR  CAPACI  TY/OtPI . (LbS) : 

7, 

0. 

A V , 

FRTR  E.NPL.  L.  F.  : (X) 

7,2 

7.7 
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Table  3.  Actual  CAB  Airline  Service  Segment  Data,  April  1974  - March  1975  - U.S. 
Flag  Carriers  (Continued). 


A''D  TOIAlS  ok  listed  HlDS  DCh  INT 


KQ. 

PAV  klt  I'EPT  . : 

22721K?, 

78555. 

TOT 

TO'  S fi  PL  PAX  L . r . 1 

173254f  .9 

142769,3 

AV  . 

&t-AT''^/f  EPAPTUnE  S 

IIP, 2 

163.4 

A V . 

PAX  KvPL  . L . f . i 1 ’A) 

47,6 

46.2 

A V . 

L.  H.  CAPGO  CAPaCITY/LFPT. (UPS) 1 

8244 , 8 

13491.7 

A'/  . 

L . H,  CAHGO  E^PL  L . K , ! tti  1 

IP, 5 

26.9 

n 

FK  TR  rtTS  . : 

61799 . 1 

7293.9 

tdt 

TO-'S  E'-'Pl.  PhTn; 

989922,3 

170604,3 

AV  . 

KRTR  CAPACI TV/DLPT  . (LbS)  : 

77P»77, 

63576  , 

A V . 

FRTR  Ef'PL.  L.  F,  : (v) 

41  ,6 

58,6 

25 


increase,  and  that  capacity  utilization  will  gradually  increase  to  a more  profitable 
level . 

The  CAB  airline  service  segment  data  provides  the  current  estimates  of  average 
freighter  aircraft  size  serving  each  market  group  from  each  hub.  Whereas  the  average 
passenger  aircraft  is  measured  in  available  seats  per  departure,  as  stated  in  a previous 
section,  the  average  freighter  aircraft  is  measured  in  available  tons  per  departure. 

The  trend  in  the  growth  of  these  hub/market  unique  averages  can  be  assumed  to  reflect 
the  system-wide  trend  in  equipment  mix  and  growth  of  average  available  tons  per  de- 
parture as  derived  from  the  CAB  Aircraft  Operating  and  Perfcrmance  Statistics.  The 
historical  trend  and  projections  are  developed  for  domestic  and  International  systems 
and  are  shown  in  Figure  3 and  the  unique  values  for  each  hub  and  each  market  group 
are  shown  in  Table  B-12,  B-24  and  B-36  of  Appendix  B. 

Each  market  group  from  each  hub  experiences  a different  utilization  of  the 
freighter  capacity  per  departure.  The  enplanement  load  factor*  varies  significantly, 
dependent  on  location  within  the  network  (e.g.,  east  coast  origin,  west  coast  origin 
or  intermediate  stop  in  route).  The  current  freighter  enplanement  load  factors  for 
each  hub  and  group  are  computed  from  the  service  segment  doto  using  the  aggregated 
available  tons  and  the  aggregated  cargo  enplanements  and  are  shown  in  Table  B-7 
ot  Appendix  B.  The  current  enplanement  load  factors  can  be  expected  to  Increase 
gradually  to  reflect  the  increase  in  system  average  load  factor.  The  projected 
average  enplanement  load  factors  for  each  hub  and  market  group  which  are  calculated 
from  the  system  averages  are  shov/n  in  Tables  B-13,  B-25  and  B-37. 

*The  percent  of  the  theoretical  available  tons  of  lift  of  the  average  aircraft  which  Is 
actually  used  by  the  hub. 
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International 


Figure  3.  Freighter  Capacity. 


Application  of  the  projected  average  enplanement  load  factors  to  the  pro- 
jected average  aircraft  capacity  produces  the  average  enplanement  measured  in  tons 
per  departure  which  can  be  expected  for  each  market  group  out  of  each  hub.  Dividing 
the  projected  residual  annual  demand  for  lift  capacity  for  each  group  out  of  each  hub 
by  the  projected  average  tons  per  departure  produces  the  estimates  of  projected  annual 
freighter  departures  for  each  hub. 
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SECTION  3 


1 


HUB  ACTIVITY  PROJECTIONS  - BASE  FORECAST 

The  base  projecfions  of  air  hub  activify  for  1977,  1982  and  1987  reflect  the 
growth  trends  of  the  national  aggregate  enplanements  which  imply  an  annual 
average  of  about  5%  in  domestic  service  and  about  8%  in  international  services. 

Table  4 lists  base  projections  for  25  large  hubs  individually  and  for  the  aggregate. 

Examination  of  these  base  forecasts  reveals  a downward  trend  in  domestic 
freighter  operations,  and  an  upward  trend  in  international  freighter  operations.  In  both 
domestic  and  international  passenger  fleet,  lower  hold  enplanements  are  trending  up- 
ward . 

3.1  U.S.  DOMESTIC  SERVICE 

In  domestic  service,  a substantial  37%  reduction  in  freighter  activity  is 
forecast  from  1975  to  1987,  with  23%  occurring  by  1977.  The  tonnoge  enplaned  in 
these  freighter  flights,  however,  decreases  by  only  4Sc;  due  to  increased  capacity  and 
improved  capacity  utilization,  the  same  cargo  requires  fewer  aircraft  departures. 

Figure  4 shows  plots  of  the  trends  In  freighter  departures  during  the  forecast 
period  for  the  aggregate  of  the  25  large  hubs.  The  middle  line  is  the  projection  using 
the  possenger  fleet  lower  hold  enplanement  load  factors  selected  for  the  base  projections. 
Domestically  they  are  projected  to  increase  from  18.5%  in  the  base  period  to  24%  in 
1987.  The  upper  line  represents  a high  projection  of  freighter  activity  if  the  lower 
holds  are  not  utilized  even  as  much  as  they  currently  are.  The  lower  line  represents 
the  lowest  likely  projection  assuming  some  reasonable  maximum  utilization  rate  for 
lower  holds. 

* Including  all  scheduled  and  nonscheduled  cargo  services  of  U.S.  and  foreign  flag 
carriers.  The  passenger  departures  are  scheduled  services  only. 
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Figure  4 shows  thoF  the  domestic  freighter  activity  is  unlikely  to  increase 
at  all  unless  the  carriers  reverse  the  recent  trend  to  greater  use  of  lower  holds  in 
passenger  flights.  It  is  possible  that  with  even  greater  emphasis  on  lower  hold  utiliza- 
tion that  the  downward  trend  in  domestic  freighter  activity  might  even  accelerate. 
These  trends  In  general  reflect  the  individual  trends  of  all  but  one  hub.  Table  4 
indicates  that  the  San  Francisco/Oakland  hub  should  experience  a slight  increase. 

Domestic  lower  hold  cargo  enplanements,  on  the  other  hand,  show  substantial 
increases  over  the  forecast  period  (see  Figure  5).  The  136%  aggregate  increase  would 
increase  the  lower  hold  share  to  81%  of  the  total  cargo  enplanements  as  compared  to 
64%  share  in  the  base  period.  It  is  apparent  from  the  plots  in  Figure  5 that  the  cargo 
enplanement  in  passenger  aircraft  will  continue  to  increase  substantially  even  with 
utilization  rates  lower  than  the  base  period  of  18.5%.  An  improvement  in  enplanement 
load  factor  to  as  much  as  35%  would  result  in  a 175%  increase  in  the  domestic  lower 
hold  services. 

3.2  U.S.  INTERNATIONAL  SERVICE 

The  international  services  show  substantially  different  trends.  Although 
comparisons  against  the  base  year  statistics  are  cumbersome  (because  of  lack  of  de- 
tailed foreign  flag  data),  trends  between  1977  and  1987  may  be  examined.  In  the 
aggregate,  international  freighter  activity  by  U.S.  and  foreign  flag  carriers  is  pro- 
jected to  increase  by  45%  in  the  ten  year  period.  The  cargo  tonnage  to  be  enplaned 
in  international  freighter  flights  shows  an  increase  of  104°o  in  1987  over  1977.  This 
substantial  increase  in  freighter  enplanements  and  departures  is  projected  even  though 
the  lower  hold  enplanements  increase  by  1343'o.  The  percentage  share  of  enplaned 
tonnage  carried  by  the  lower  holds  of  passenger  aircraft  remains  at  roughly  45% 
throughout  the  forecast  period.  In  terms  of  individual  hubs,  all  hubs  with  the  ex- 
ception of  two  show  substantial  increases  in  freighter  activity.  Philadelphia  and  Boston 
are  projected  to  have  a slight  decrease  between  1977  and  1987. 
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forecasts  of  total  scheduled  operations  and  enplanements  but  does  not  dissaggregate 
into  domestic  and  international  travel.  To  determine  the  percentage  of  enplanements 
from  each  hub  bound  for  international  destinations,  it  is  necessary  to  combine  CAB 
Airline  Service  Segment  data  and  (l~92)  U .S. -International  Passenger  travel  data 
collected  by  the  Immigration  and  Naturalization  Service  and  processed  by  DOT. 

The  Airline  Service  Segment  data  is  properly  separated  for  the  current 
(base)  year,  but  only  lists  U.S.  carriers.  The  missing  counts  are  enplanements  on 
foreign  flag  carriers  providing  international  service;  these  are  contained  in  the  1-92 
reports  for  the  same  base  period  (1974-75),  The  sum  of  these  foreign  flag  carrier 
enplanements  and  U.S.  carrier  international  enplanements  is  the  total  U.S.  inter- 
national enplonements  for  the  base  year.  Dividing  this  totol  by  the  total  overall 
traffic  for  each  hub  yields  an  international  proportion  of  the  total.  This  percentage 
is  assumed  to  be  constant  for  the  forecast  period.  The  base  figures  are  listed  in 
Table  A-1 . 

The  international  and  domestic  demand  values  for  each  hub  are  then 
determined  by  summing  the  aggregate  enplanement  forecast  of  all  airports  in  that 
hub  listed  in  the  Terminal  Area  Forecast,  and  splitting  that  sum  in  accordance  with 
the  international-domestic  percentage  split  for  the  hub. 

Because  TAP  forecasts  are  for  fiscal  years,  additional  extrapolation  of 
the  total  was  necessary  to  correct  it  to  a calendar  year  base.  For  CY77,  an 
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Table  A-1.  Inf-ernafional  Percentage  of  Hub  Passenger  Enplanements. 
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Enplanements  1000). 


arithmetic  mean  of  FY77  and  FY78  was  used;  for  CY82  and  CY87,  a I 
extrapolation  of  the  forecast  from  a FY82  point  was  assumed. 

The  resulting  passenger  enplanement  forecasts  are  listed  in 
B-26  and  B-38  of  Appendix  B. 
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Tables  B-14, 
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APPENDIX  B 


HUB/MARKET  TABLES 
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Table  B-1 

lNDEX_pF  TABLIS  OF  VARIABLES 
TABLF 
NO 

B-2  actual  AV,  avail  slats  Ftp  DLFt 
B-3  actual  hub  pax  bUPL  LOAD  FACTUPS 
B-4  actual  avail  L,h,  CAPACITY  JLrSS/UFPT) 

'B-5'  ACTUAL  t.NPL  L.B,  LOAO  FACTUPS 
B-6  ACTUAL  FPFIGHTFP  SIZE  (TON'S/DEPT) 

B-7  ACTUAL  FBElGHTEh  FUPL  LOAD  FACTnps 

B-8  1977  PpnjFCTFU  AV.  AVAIL,  SP'ATS  PFR  DEPt 

B-9  1977  PPOJLCTFD  HUH  PAX.EUpL  LpAP  FACTORS 

B-10  1977  Ppnjt'.CTED  L,H,  "USFABLE"  CAPACITY  (LBS/OFFI) 

B-1  1 1977  PPOJFCTED  LNpL  I. , H , LOAD  FACTUPS 
B-12  1977  PROJECTED  FREIGHTER  SIZE  (TON§/DEPT) 

B-13  1977  PROJECTtO  FRKIGHTFR  E-VpL  LOAD  FACTORS 

B-14  1977  PEMftND  INPUT  _ 

B-15^'977’  PAX  DLk'AMD'  MARKET  SPlIT 
B-16  1977  CARGO  PE'-'AND  MARKET  SPLIT 

B-17  1977  Projected  no  of  pax  flights  cactuals  apr  74  xo  mar  75) 
B-18  1977  projected  TOTAl  L.H.  "USEABlE"  CAPACITY  (TONS) 

B-19  1977  projected  NO  OF  FPTP  FLIGHTS  (ACTUALS  APR  74  TO  MAr  75) 

B-20  1982  Projected  av.  avail,  seats  pep  dept 
6-21  1982  projected  HUP  PAX  tNPL  LOAD  FACTORS 
B-22  1982  projected  L.H,  "USEABLE"  CAPACITY  (LBS/DFPT) 

B-23  1982  projected  LNpL  L.H,  LOAD  FACTORS 
B-24  T982  projected  ^REIGHTFr  S_I„ZF  (TONS/DEPTJ 
B-25  1982  projected  FRF:IGHTER  i^P’L  LOAD ’FACTdRS 

B-26  1982  demand  input 

B-27  1982  PAX  DEr;)AND  m.ARkET  SPlIT 

B-28  1982  CARGO  DEMAND  MARKET  SPLIT 

2 ‘projected  NO  of  PAx  FLIGHxy'TACiuAlS  APP  74  xO  MAP  75) 
B-30  1982  projected  ToTAl  "USEABlE"  CAPACITY  (TonS) 

B-31  1982  PROJECTED  NO  OF  FRTR  FLIGHTS  (ACTUALS  APR  74  TO  MAR  7S) 

B-32  1987  PROJE.CtED  AV,  AVAIL.  SEATS  PER  DEPT 

B-33  1987  projected  HUB  pAX  ENpL  LOAD  FAClOji§ _ 

8=34^  1987  "Pro JFCtE^  L.h.  "usEAPLE"‘  CAPACITY  (LBs/DEPr) 

B-35  1987  projected  EnPl  l.H.  LOAD  FACTORS 
B-36  1 987  projected  FRFIGHTER  SIZE  (TDiIS/DEPT) 

B-37  1987  projected  FREIGHTER  ENPL  LOAD  FACTORS 

B-38  1987  DEMAi^  input  _ _ 

B-39  1997  PAX  UEmAnD  market  SPlIT’ 

B-40  1987  CARGO  DEMAND  market  SPLIT 

B-41  1987  Projected  no  of  pax  flights  (actuals  apr  lO  mar  75) 

B-42  1987  projected  TQTAl  L.H,  "USEABlE"  CAPACITY  (TONS) 

Bt43  1987  projected  NO  OF  FPTP  FLIGHTS,  (ACTUALS  APR  74  TO  '*hR  751 
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APPENDIX  C 


OUTBOUND  VERSUS  INBOUND  CARGO  ACTIVITY 

Airport  activity  is  usually  measured  in  terms  of  number  of  aircraft  departures 
(or  operations  which  include  arrivals)  and  enplanements  of  passengers  and  cargo  tons. 
This  paper  has  focused  on  projection  of  outbound  traffic  only.  Airways  and  airport 
facility  planners  need  estimates  of  total  activity.  In  the  case  of  air  traffic,  aircraft 
operations  may  be  assumed  to  be  double  the  projected  number  of  departures  since  in 
the  course  of  a year  aircraft  arrivals  and  departures  balance.  Hub  passenger  enplane- 
ment  and  deplanement  activity  should  be  essentially  equal  as  well,  at  least  to  the 
level  of  measurement  precision  suggested  by  this  forecasting  procedure.  Cargo 
activity,  on  the  other  hand,  tends  toward  substantial  imbalances  and  a simple 
doubling  of  the  projected  values  for  enplanements  may  not  be  an  adequate  estimate 
of  total  work  load  and  facilities  requirements  at  a hub. 

In  domestic  service,  the  airline  service  segment  data  provides  deplane- 
ments  as  well  as  enplanements  at  each  airport.  To  provide  a ready  estimating  device, 
the  ratio  of  enplaned  to  deplaned  cargo  tons  has  been  developed  and  listed  on  Table 
C~1  for  each  of  the  25  large  hubs.  These  ratios  may  be  applied  to  the  projected 
enplanements  to  estimate  the  deplanement  tons. 

In  U.S.  international  service,  the  ratio  of  export  to  import  tons  was 
derived  from  the  U.S.  Department  of  Commerce  data  and  listed  in  Table  C-2.  This 
is  the  only  source  which  includes  foreign  flag  activity. 

A scan  of  the  ratios  on  these  two  tables  indicates  that  there  is  a substantial 
imbalance  of  cargo  flows  at  some  hubs.  The  imbalances  are  greater  in  the  inter- 
national flows  than  in  the  domestic  flows. 
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TECHNICAL  SUMMARY 


This  paper  documents  an  econometric  model  approach  to 
long-term,  national  air  treight  demand  forecasting.  This 
approach  provides  forecasts  founded  on  the  premise  that  no 
dramatic  technological  or  socio/political  changes  will 
occur  in  the  forecast  time  frame.  The  econometric  model 
approach  assumes  that  shipper /receiver  mode  choice  deter- 
minants are  economic,  remain  essentially  unchanged  in  the 
aggregate,  and  are  adequately  reflected  by  the  selected 
equation  variables.  The  authors  believe  that  this  model 
is  at  the  current  state-of-the-art  of  econometric  forecasting; 
and  given  the  available  data,  the  current  limits  of  this 
approach  have  been  reached.  Significant  improvements  in  the 
accuracy  or  precision  of  the  forecasts  produced  by  these 
models  require  forecasts  of  individual  commodity  flows, 
mode  split  models,  and  more  precise  modeling  of  the  price 
and  service  differential  between  the  surface  and  air  options 
available  to  the  various  groups  of  transportation  users. 

This  paper  also  provides  a basic  forecast  of  U.S.  domestic 
and  U.S.  international  air  freight  demand  at  U.S.  air^iorts, 
for  the  time  frame  1975  to  1990  which  results  from  exercising 
the  models  with  a specific  set  of  input  variable  i>ro  jections . 

This  forecast  effort  is  part  of  a larger  TSC  project  for 
the  Federal  Aviation  Administration's  Office  of  Aviation  Policy, 
Aviation  Forecast  Branch,  AVP-120. 
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I 


INTRODUCTION 


The  purpose  of  this  paper  is  to  document  an  econometric 
model  approach  to  long- term,  macro  air  freight  demand  fore- 
casting taken  by  the  Transportation  Systems  Center  for  the 
Federal  Aviation  Administration.  This  paper  also  provides 
a basic  forecast  of  U.  S.  domestic  and  U.  S.  international 
air  freight  demand^  for  the  time  frame  1975  to  1990  which 
result  from  exercising  the  models  using  a specific  set  of 
projections  of  the  variable  inputs.  The  basic  forecast  may  be 
updated  when  improved  projections  of  these  model  input  variables 
become  available.  The  models  may  also  be  used  to  develop 
a series  of  future  demand  scenarios  based  upon  alternative 
forecasts  of  the  input  variables. 

These  macro  forecasting  models  and  the  resultant 
forecasts  constitute  the  first  of  a two  part  TSC  effort. 

The  second  part^  translates  the  national  aggregate  forecasts 
into  projections  of  air  cargo  activity  (cargo  enplanements  and 
aircraft  operations)  at  individual  U.  S.  air  hubs.  This 
package  of  models  and  computer  programs  and  the  forecasts 
not  only  support  the  FAA  budget  requests  and  policy  and 
plan  development,  but  also  provide  information  required  by 
local  and  regional  planners  of  hub  airport  facilities. 


1 

Includes  express  but  excludes  mail  which  has  been  treated 
by  the  sponsor  under  a separate  project. 

2 

"Projections  of  Cargo  Activity  at  U.S.  Air  Hubs"  TSC  Staff 
Study  paper  by  D.  Maic  and  N.  Meltzcr,  Sept.  1976, 
SS-211-U1-4 , 


The  econometric  (or  statistical)  model  approach  has  been 
taken  to  provide  a base  forecast  founded  on  the  premise  that 
no  dramatic  technological  or  socio/political  changes  will 
occur  in  the  forecast  time  frame.  This  approaf'h  assumes  that 
shipper /consignee  mode  choice  determinants  are  eco.omic,  will 
remain  essentially  unchanged  in  the  aggregate,  and  are 
adequately  reflected  by  the  equation  variables.  It  is  felt 
that  these  models  are  at  the  current  state-of-the-art  of 
econometrics.  Given  the  available  data,  the  limits  of  this 
approach  to  air  cargo  forecasting  have  been  reached. 

Significant  improvements  in  the  accuracy  or  precision  of  the 
forecasts  require  individual  forecasts  of  specific  commodity 
flows,  credible  mode  split  models,  and  more  precise  modeling 
of  the  price  and  service  differentials  between  the  surface  and 
air  options  available  to  the  various  groups  of  transportation 
users.  Research  into  these  areas  is  currently  underway  at  TSC 
under  other  OST  projects.  The  results  of  these  other  projects 
should  provide  the  FAA  with  the  basis  for  a more  sophisticated 
air  freight  forecasting  approach. 

The  statistical  forecasting  methodology  documented  by 
this  paper  is  composed  of  three  steps  (1)  a search  for  the 
most  significant  factors  affecting  the  demand  for  and  the 
supply  of  air  freight  transportation  services,  (2)  construction 
of  regression  f-quations  for  air  freight  traffic  using  variables 
for  which  consistent  time  series  data  are  available,  and 
(3)  derivation  of  forecasts  from  the  estimated  regression 
models  under  alternative  projections  of  future  values  for 
the  exogenous  variables. 
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Two  explanatory  variables  form  the  basis  for  these  models-- 
GNP  (an  aggregate  measure  of  economic  activity)  and  Average 
Revenue  Yield  (a  surrogate  for  air  service  prices) . £ome 
twenty-five  equations  model  the  traffic  demand  for  U.  S. 
domestic  air  freight  services  and  U.  S.  air  export  and  air 
import  services  by  U.  S.  flag  carrier  and  foreign  flag 
carriers  between  the  U.  S.  and  six  world  regions.'^  Two 
forms  of  regression  equations  have  been  developed  for 
domestic  services  (i.e.,  a linear-functional  form  and  a log- 
linear  functional  form) . The  log-linear  form  produced  results 
which  appear  to  be  most  consistent  with  current  expectations  of 
air  cargo  industry  analysts  and  has  been  used  to  develop 
the  base  forecast.  A linear-functional  form  proved  most 
reasonable  for  the  group  of  international  models.  The 
domestic  models  are  discussed  in  detail  in  Section  II  and 
the  international  models  are  covered  in  Section  III  of  this 
paper. 


^Average  revenue  yield  ($/ton-mile)  is  the  ratio  of  total 
annual  revenue  for  a specific  group  of  services  to  the  ton- 
miles  of  traffic  which  produced  that  revenue. 

'^Including  all  scheduled  and  nonscheduled  certificated 
carrier  services. 
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The  U.  S.  domestic  model  output  units  are  revenue 
ton-miles  (aggregated  over  all  0-D  pair  flows).  The  U.  S. 
international  model  output  units  are  tons  (by  direction) 
for  flows  between  the  United  States  and  specific  world 
regions.  Conversions  of  domestic  traffic  from  ton-miles 
to  tons  and  international  traffic  from  tons  to  ton-miles 
is  via  application  of  projected  average  hauls.  The 
specifics  of  these  conversions  are  discussed  in  Section  IV 
of  this  paper. 

All  time  series  data  used  in  the  development  of  the 
models  and  the  projected  input  data  for  domestic  and 
international  services  are  reported  in  the  Appendix. 
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In  this  study,  the  domestic  air  cargo  or  air  freight 
traffic  includes  air  express  but  not  mail.  The  definitions 
of  air  freight  and  air  express  operations  are  discussed 
in  detail  in  the  Appendix  of  the  CAB  Handbook  of  Airline 
Statistics  1974  edition.  The  CAB  time  series  data  of 
domestic  air  freight  and  express  for  all  scheduled  and 
nonscheduled  certificated  carriers  from  1950  to  1974  are 
used  in  this  study.  Table  2.1  presents  the  historical 
growth  rates  of  air  freight  traffic.  Over  the  entire  sample 
period,  the  overall  average  annual  growth  rate  of  domestic  air 
traffic  for  the  twenty-four  year  period  was  11.28  per  cent. 


TABLE  2.1  Historical  Growth  Rates  of  Domestic 
Air  Freight  Traffic  1950-74 


The  five-year  interval  historical  growth  rate  had  experienced 
an  upward  swing  from  1950  to  1965,  and  then  slipped  downward 
gradually  after  1965. 


The  average  annual  growth  rate  from  1961  to  1965  was  the 
highest  among  the  subperiods  of  this  total  time  frame. 

Many  factors  caused  this  apparently  abnormal  growth  rate 
in  this  five-year  period.  The  swift  conversion  of  the 
civil  air  fleet  to  jet  aircraft  with  higher  annual  produc- 
tivity and  lower  average  operating  costs,  the  great  increase 
of  volume  and  lift  capacity  in  the  heavy  trunk  routes  and 
the  availability  of  air  cargo  lift  capability  at  more  air- 
ports, increased  the  overall  attractiveness  of  air  freight 
services  vis-a-vis  surface  modes  for  a broad  spectrum  of 
markets.  The  combination  of  the  proliferation  of  available 
service,  greatly  increased  capacity,  significant  reduction 
of  the  price  differential  between  air  and  surface  modes 
and  a very  high  GNP  growth  rate  is  not  expected  to  recur 
during  the  forecast  time  frame.  IL  should  not  be  surprising 
to  find  the  log-linear  form  of  the  domestic  model  producing 
an  overall  average  annual  growth  rate  over  the  fifteen  year 
forecast  period  of  approximately  7 percent  assuming  the 
industry  can  maintain  relatively  constant  price  levels  in 
real  dollars  over  this  period.  Only  if  the  real  price  of 
air  freight  services  were  to  decline  steadily  at  approximately 
2 percent  per  year  will  the  average  annual  growth  rate 
approximate  11  percent. 
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2.2  The  Model 


In  general,  the  demand  for  air  freight  is  a function 
of  general  economic  activities,  air  freight  rates,  the 
quality  of  air  freight  services  and  the  price  and  quality 
of  freight  services  provided  by  the  competing  modes.  The 
quality  of  freight  service  includes  (1)  scheduled  frequency, 
(2)  the  speed  of  the  mode,  (3)  capacity  offered,  (4)  the 
reliability  of  delivery  time  and  (5)  the  probability  of  loss 
and  damage.  Unfortunately,  there  is  no  comprehensive  and 
consistent  set  of  data  available  on  these  measures  of 
quality  of  freight  service  for  this  sample  period.  Thus, 

the  initial  statistical  model  for  the  demand  for  domestic 


air  freight  traffic  is  postulated  as  follows; 


\ * »2>‘2t  * + 84^-l  + “t 


(2.2.1) 


where 


o < 6^  < 1 


Total  (freight  plus  express)  domestic  revenue 
ton-miles  (all  services--scheduled  plus 
non-scheduled) 


It 


Gross  National  Product  measured  in  1958  consent 
dollars 


X. 


2t 


3t 


Denotes  freight  rate.  It  is  approximated  by  the 
yield  per  revenue  top-miles  (scheduled  air 
freight  plus  air  express)  deflated  by 
implicit  GNP  price  deflator  (1958  = 100) 

It  denotes  a dumony  variable  to  reflect  the 
effect  of  a change  in  the  reporting  of  the 
data,  which  included  Alaska  and  Hawaii  as 
domestic  operation. 
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is  specified  as 


0 t < 1969 

1 t 5^  1969. 

The  final  model  used  in  this  study  will  be  reported  in 
the  Section  2.4,  Empirical  Results,  which  is  a modification 
of  the  model  (2.2.1)  based  on  the  empirical  information 
obtained  from  the  sample  data  of  the  period  of  study. 

2 • 3 The  Data 

Annual  time  series  data  covering  the  sample  period  from 
1950  to  1974  are  used  in  this  study.  The  various  measures 
of  the  variables  and  the  sources  of  the  data  are  discussed 
below : 

= is  measured  by  the  millions  of  revenue  ton-miles. 

The  data  of  all  services  for  air  freight  and  air  express  are 
available  from  the  various  issues  of  the  Handbook  of  Airline 
Statistics  published  by  CAB. 

Revenue  ton-miles  where  chosen  for  the  data  unit  of 
traffic  volume  because  this  was  the  only  consistent  time  series 
data  provided  by  the  CAB  for  the  sample  period.  Enplaned  tons 
would  have  been  preferable  if  available. 

= it  denotes  real  GNP  in  1958  dollars 

)( 

2t*^represents  real  yield  per  revenue  ton-miles. 

The  current  yield  per  revenue  ton-mile  is  obtained 
from  the  ratio  of  the  sum  of  the  total  revenue  of  scheduled 
air  freight  and  air  express  to  the  sum  of  their  corresponding 
scheduled  revenue  ton-miles.  The  real  yield  per  ton~milc 


'3t 


3t 
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is  defined  as  the  current  yield  ton-mile  deflated  by 

GNP  price  deflator  (1958  = 100) . 


2.4  The  Empirical  Results 

The  model  (2.2.1)  with  annual  data  from  1950  to  1974 
was  first  estimated  by  instrumental  variable  estimator. 

The  results  were  disappointing  mainly  because  of  the  high 
intercorrelation  among  the  variable  and  To  overcome 

this  problem  the  model  (2.2.1)  was  modified  as  follows: 


'^It  “o  “l  ^^It  °‘2^1t-l  °‘3^2t  “4^3t  “s'^lt-l 

(2.3.1) 


where 


’it  = ht 


Xlt-l  - 


The  model (2.3.1) 


1 GNP  lagged 
can  also  be 


0 < ^ 1 
one  period 
written  as 


'^It  “O  “l^lt  ^“l  “2^  ^)t-l  °‘3^2t  “4^3t  “5^1t-l  '■'t 


2.3.1a) 


It  is  known  that  the  Durbin-Watson  statistic  has  lower  power 
in  the  case  of  model  (2.3.1) . Therefore,  instrumental  variable 
estimator  is  used  to  obtain  the  consistent  estimate  of  the 
estimated  residuals.  The  test  of  independence  of  U^. , based  on 
is  carried  out  and  the  results  .ndicated  that  we  fail  to 
reject  fhe  null  hypothesis.  Thus,  t)ie  model  (2.3.1)  is  cst  i. 
by  ordinary  least  squares  (OLS)  and  the  resulting  equate-  . 


9 


a6-A037  836  • TRANSPORTATION  SYSTEMS  CENTER  CAMBRIDGE  MASS  F/G  15/5 

forecasting  models  for  air  freight  demand  and  projection  of  car— etc (U) 

JAN  77  D J MAlO»  G H WANG»  N MELTZER 

UNCLASSIFIED  FAA-AVP-77-2  NL 


= 776.33  + 4.85VX,^  + 1.79X 


(0.83)  (4.7) 

+ 0.44Y  , 

(3.33) 


It  ' ~ 54.22X2^  + 187.09  X^Y 

(1.9)  (-2.1)  (2.67) 

(2.3.2) 


F(5/19)  = 631.59 


^ut  = 


R = 0.99 


The  numbers  in  parenthesis  are  the  t statistics. 


All  estimated  coefficients  are  statistically  significant 

at  least  10%  level  except  the  intercept  term.  Furthermore, 

the  signs  of  the  coefficients  are  consistent  with  our 

prior  expectations.  The  demand  for  domestic  air  freight 

increases  as  the  economy  expands  and  decreases  as  the  air 

freight  rate  increases.  Overall,  the  model  (2.3.2) 

explains  the  variation  of  the  demand  for  domestic  air 

2 

freight  traffic  very  well  since  the  high  values  of  R ; 
the  signficance  of  the  F statistic  and  the  independence 
of  the  residual. 

A log  term  of  the  modified  model  estimates  by  GLS  is 

In  = 0.91  + 1.84  In  X^^  - 1.89  In  X2^ 

(0.22)  (4.4)  (-3.3) 

(2  3 3) 

and  = 0.873U^  , + ,e^ 

t t-i  t 

Again,  all  regression  coefficients  are  statistically 
significant  at  5%  level  except  the  intercept  term.  The 
signs  of  the  regression  coefficients  are  consistent  with 
those  of  the  corresponding  variables  in  model  (2.3.2). 


10 


It  should  be  mentioned  that  linear  functional  form 


5 

(model  2.3.2)  and  log  functional  form  (2.3.3)  will  have 
somewhat  different  implications  for  the  forecasts.  Model 
(2.3.2)  will  favor  the  hypothesis  that  air  freight  will 
reach  a relatively  mature  market  situation  in  the  future, 
while  the  log-funcrtional  form  (model  2.3.3)  supports  the 
hypothesis  that  the  domestic  air  freight  market  is  still  in 
a substantial  growth  period  of  development. 

2 . 5 The  Forecasts 

Tables  2.2  and  2.3  present  the  two  sets  of  domestic 
air  freight  forecasts  calculated  from  models  (2.3.2)  and  2.3.3), 
respectively.  The  predicted  growth  rates  are  reported  in 
Table  2.4.  The  validity  of  these  forecasts  rest  on  the 
assumption  that  the  estimated  relationships  are  likely 
to  continue  in  the  forecasting  period  and  the  forecasted 
exogenous  variables  are  realistic.  Certainly,  these  are 
bold  assumptions  and  the  forecasts  will  deviate  from  the 
real  values  if  these  assumptions  are  erroneous. 

The  future  values  of  GNP  in  1958  constant  dollars  from 
1975  to  1985  are  obtained  from  the  annual  forecasts  of  GNP  in 
'58  dollars  from  Wharton  Economic  Forecasting  Associates. 

The  average  annual  growth  rate  of  GNP  over  this  ten-year 
period  was  used  to  extrapolate  the  GNP  values  from  1986  to 
1990.  Future  air  freight  revenue  yield  trends  are  projected 
by  three  alternative  annual  growth  rates  which  should  bracket 
the  range  of  probable  real  values.  Under  Case  1, 
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TABLE  2.2  Forecasts  of  Domestic  Air  Freight  Traffic  in 
Revenue  Ton-Miles  (Millions) 

1975  - 1990 

(I)^  Linear  Form  - Equation  (2.3.2) 


Case  (1)  Case  (2)  Case  (3) 


2795.65 

3031.14 

3163.38 

3238.36 

3396.69 

3582.47 
3843.77 
3830.04 
3877.93 
4097. 
4304.64 
4463.71 

4630.48 

4803.43 
4982.12 

5166.43 


i The  forecasts  are  calculated  from  equation  (2.3.2). 

D Freight  revenue  yield  is  assumed  to  increase  2 percent 
annually  in  Case  1 and  to  decrease  2 percent  annually 
in  Case  3.  In  Case  2,  freight  revenue  yield  is 
assumed  to  be  equal  to  that  of  1974  throughout  the 
entire  forecasting  period. 


Case  (1) 

Case  (2)" 

2725.17 

2740.68 

2934.19 

2973.94 

3021.45 

3089.17 

3043.26 

3140.95 

3144.78 

3273.7 

3272.13 

3433.15 

3474.21 

3668.1 

3400.86 

' 3628.3 

3488.81 

3650.5 

3547.69 

3844.42 

3694 .96 

4027.36 

3793.43 

4162.21 

3899.36 

4305.24 

4011.18 

4454.93 

4128.47 

4610.82 

4251.05 

4772.79 

TABLE  2,3 


Forecasts  of  Domestic  Air  Freiqht  Traffic 
in  Revenue  Ton-miles  (million) 


1975  - 1990 


(II)  Log  - Linear  Form  - Equation  (2.3.3) 


Year 


Case  (1) 


Case  (2) 


Case  (3) 


80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 


2875.55 

3053.37 

3133.8 
3146.35 
3251.92 

3403.3 
366.53 

3588.9 
3597.52 
3694.5 

3858.37 
3974.28 

4092.04 
4213.25 
4338.14 
4467.12 


2980.96 

3261.69 

3512.21 

3657.37 
3924.54 

4264.16 

4772.38 
4846.44 

4964.16 
5377.61 
5836,58 
6239.78 
6667.5 
7129,52 
7623.57 
8151.84 


3103.23 
3533,34 
3940,25 
4259.9 
4750.47 
5366,87 
6241.65 
6587.97 
7016.36 
7895.12 
8892.83 

9887.24 
10981.9 

12197.1 

13548.1 
15063. 


c The  forecasts  are  calculated  from  equation  (2,3,3)  . 

b The  definitions  of  Case  1,  Case  2 and  Case  3 are 
discussed  in  Table  2.2. 
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TABLE  2.4  Forecasted  Growth  Rates  of  Domestic 
Air  Freight  Traffic 

1975  - 1990 


Year 

Case  (1) 

Case  (2) 

Case  (3) 

Forecasts  of  Domestic 

Air  Freight 

Traffic  (I) 

1975-80 

3.7 

4.6 

5.1 

1980-85 

2.5 

3.2 

3.7 

1985-90 

2.8 

3.5 

3.7 

1975-90 

3.00 

3.77 

4.18 

Forecasts 

of  Domestic 

Air  Freight 

Traffic  (II) 

1975-80 

3.4 

7.4 

11.6 

1980-85 

2.5 

6.5 

10.6 

1985-90 

3.0 

6.9 

11.1 

1975-90 

3.00 

6.94 

11.10 
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aggregate  air  freight  prices  are  assumed  to  increase  an 
average  of  2%  annually,  and  are  assumed  to  decrease  by 
about  2%  per  year  in  Case  3.  In  Case  2,  the  forecasted 
air  freight  yield  is  the  same  as  the  value  of  real  yield 
per  revenue  ton-mile  in  1974.  It  is  expected  that  the 
three  alternative  freight  price  trend  assumptions  will 
reflect  the  likely  net  impacts  of  any  advance  in  cost-saving 
technology  or  increase  in  operating  cost  in  domestic  air 
freight  service. 
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INTERNATIONAL  AIR  FREIGHT  FORECAST 


3 . 1 The  Past  Growth  Trend 

The  historical  data  of  U.S.  international  air  freight 
from  1965-1974  is  available  from  the  annual  issues  of  Airborne 
Exports  and  General  Imports,  U.  S.  Foreign  Trade  Statistics 
published  by  U.S.  Department  of  Commerce.  The  statistics  on 
exports  by  air  from  the  United  States  include  exports  of 
domestic  and  foreign  merchandise  and  include  government  as 
well  as  nongovernment  shipments  of  merchandise  by  air  from 
U.S.  airports  to  foreign  countries.  The  statistics 
exclude  the  following  items:  (1)  shipments  to  U.S.  Armed 
Forces  and  diplomatic  missions  abroad  for  their  own  use; 

(2)  merchandise  shipped  through  the  United  States  from  one 
foreign  country  to  another  when  documented  as  such  through 
U.S.  Customs;  (3)  exports  of  household  and  personal  effects; 

(4)  shipments  by  mail  and  parcel  post;  and  (5)  shipments  of 
airplanes  under  their  own  power. 

The  statistics  on  U.S.  imports  by  air  include  govern- 
ment as  well  as  nongovernment  shipments  of  merchandise  by 
air  from  foreign  countries  to  the  U.S.  It  is  worth  noting 
that  imports  into  Puerto  Rico  from  foreign  countries  are  con- 
sidered to  be  U.S.  imports  and  are  included.  The  items  excluded 
from  the  import  statistics  are  (1)  U.S.  trade  with  Puerto  Rico 
and  U.  S.  possessions  and  trade  between  U.S.  possessions;  (2) 
merchandise  shipped  through  the  United  States  in  transit  from 
one  foreign  country  to  another  when  documented  as  such  through 


U.S.  Customs;  (3)  imports  of  household  and  personal  effects; 
and  (4)  imports  of  airplane  under  their  own  power. 

The  statistics  of  U.S.  exports  and  imports  by  air  are 
aggregation  of  flows  between  the  United  States  and  six  world 
regions.  They  are  al'so  aggregations  of  all  carriers  serving 
U.S.  airports  and  also  the  aggregations  of  sutset  of  U.S.  flag 
carriers.  Foreign  flag  activities  are  available,  therefore,  only 
as  residuals.  The  six  world  regions  are:  (1)  North  America 

excluding  United  States,  (2)  South  America,  (3)  Europe,  (4)  Asia, 
(5)  Australia  and  Oceania  and  (6)  Africa. 

Tables  3.1.1  and  3.1.2  presents  the  trends  in  percentages 
of  export  and  import  of  air  freight  traffic  by  world  regions 
for  the  aggregate  of  all  air  carriers.  Europe  has  been  the 
largest  recipient  of  U.S.  exports  of  air  freight  with  a 45  per- 
cent share  of  the  total  U.S.  export  market  in  1974.  This  is 
slightly  higher  than  in  1965  but  considerably  lower  than  the 
1967  peak  of  52  percent.  North  America  has  been  the  second 
largest  air  freight  market  but  its  1974  20  percent  market 
share  has  been  the  result  of  a gradual  decline  since  the  1967 
peak  of  32  percent.  Before  1969,  South  America  was  the  third 
largest  air  freight  market,  and  followed  by  Asia.  However, 
since  1969,  the  growth  rate  of  Asian  traffic  has  been  outstripped 
by  that  of  South  America  resulting  in  the  ranking  between 
South  America  and  Asia  to  be  reversed.  Since  1965  Asia  gained 
nine  percentage  points  while  South  America  lost  over  3 percentage 
points  in  market  shares. 


TABLE  3.1.2  - U.S.  IMPORTS  BY  ALL  AIR  CARRIERS  BY  WORLD  REGIONS  (1964  to  1974) 
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In  this  period,  the  patterns  of  U.S.  imports  from  the 
world  regions  are  roughly  similar  to  those  of  the  U.S.  exports 
to  the  world  regions.  However,  there  is  one  exception,  the 
Asian  region  has  moved  up  in  rank  to  second  place  and  outdis- 
tanced the  third  ranking  North  American  region  by  more  than 
eleven  percentage  points  in  1974.  Further,  the  market  share 
of  the  Asian  region  has  been  steadily  increasing  while  those 
of  the  North  America  and  Europe  have  been  trending  downward. 

The  percentage  of  air  exports  and  air  imports  by  the 
aggregate  of  all  U.S.  flag  carriers  are  reported  in  Tables 
3.1.3  and  3.1.4  respectively.  From  these  Tables,  it  is  clear 
that  the  traffic  patterns,  including  the  imbalances  between 

the  United  States  and  the  world  reaions  of  the  U.S.  flag 
carriers,  are  the  same  as  those  of  all  air  carriers. 

Table  3.1.5  presents  the  historical  c^rowth  rates  of  U.S. 
air  exports  by  world  regions.  We  find  that  the  average  annual 

growth  rates  of  Asia,  Australia  and  Oceania,  and  Africa  were 
larger  than  20  percent  and  the  growth  rates  of  the  other  three 
regions  were  in  the  range  of  10  percent  to  20  percent.  The 
historical  growth  rates  of  import  air  freight  traffic  are  shown 
in  Table  3.1.6.  The  relative  growth  rates  between  the  U.S. 

Flag  Carriers  and  the  foreign  flag  carriers  apparently  varies 
depending  on  the  region.  Finally,  Table  3.1.7  and  3.1.8  describe 
the  relative  change  in  market  share  behaviors  of  U.S.  air  carriers 
to  all  air  carriers  during  this  period.  The  market  share  enjoyed 
by  U.S.  flag  carriers  varies  substantially  among  the  markets  and 
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varies  with  direction  of  flow  hut  it  has  with  a few  excentions 


remained  well  below  one~half  the  total  tonnage. 

3 . 2 The  Model  and  the  Data 

It  is  well  known  that  demand  for  transportation  services 
is  a derived  demand.  Hence,  the  important  factors  affecting 
the  aggregate  import  and  export  demand  will  be  the  natural 
candidates  for  consideration  in  selecting  the  determinants  of 
demand  for  international  air  freight  services  (export  and 
import).  Further,  air  freight  rates,  quality  of  air  freight 
services,  quality  of  surface  freight  services  and  surface 
freight  rates  should  also  be  considered  as  important  factors 
inf^j^cing  the  demand  for  international  air  freight  services. 
Based  on  these  considerations,  the  general  demand  for  U.S.  air 
export  services  would  be  specified  as 


E . 
1 


where 


£ (Y.,  P^.,  Xjj) 


i = 1 . 2 , . . . 6 . 


(3.2.1) 


Y.  = real  Gross  National  Product  of  the  i th  world 
region  (in  constant  1958  U.S.  dollars) 

= the  real  air  freight  rate  from  the  U.S.  to  the  i th 
world  region  (in  1958  constant  U.S.  dollars) 

= the  real  average  surface  freight  rates  from  the 
U.S.  to  the  i th  world  region. 

= the  measures  of  the  quality  of  air  freight  ser'/ices 

X„.  = the  measures  of  the  quality  of  surface  freight 
services 
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The  general  demand  for  U.S.  air  import  services  can 


also  be  specified  as: 


i ^ ^li'  ^2i'  ^li'  ^2i^ 


(3.2.2) 


r 1.2/.../6 


where 


= Gross  National  Product  of  U.S.  in  1958  dollars 

= the  real  average  air  freight  rate  from  the  i th 
world  region  to  the  U.S. 

and  ^2i'  ^li'  ^2i'  ^3i  defined  in  (3.2.1). 

The  models  (3.2.1)  and  3.2.2)  are  considered  as  theoretical 
models  for  the  demand  for  U.S:  export  and  U.S.  import  air 
freight  services.  Based  on  these  models,  the  data  availability 
of  the  variables  included  in  these  models  was  studied.  We 


have  encountered  three  main  difficulties:  (1)  there  are 

no  reliable  quantitative  measures  on  quality  of  air  freight  or 
surface  freight  services;  (2)  average  air  freight  rates  and 

surface  freiqht  rates  bv  world  reaions  (inflow  and  outflow)  _are 
not  available  from  the  published  sources;  and  (3)  there  are  no 
data  available  for  the  implicit  price  deflator  (1958=100)  by 
world  regions  as  defined  in  this  study.  For  this  reason,  the 
model  of  (3.2.1)  is  simplied  as  follows: 


i . 
1 


a + 
0 


Y . + U . 
1 1 


1 1,2, ...6, 


(3.2.3) 


where  the  subscript  i refers  to  the  export  air  freight  traffic 

for  United  States  to  the  i th  world  regions  and  is  an  error 

tern. 


2« 


The  modified  model  of  (3.2.2)  has  the  following 


I 

[ 

I 


I 


' «0  * '■u  * ''us  * “h  (3.2.4) 

h = 1 . 2 , . . . , 6 

where  is  the  demand  for  import  air  freight  traffic  from 
h th  world  region  to  the  U.S.  is  an  error  term. 

Annual  time  series  data  covering  the  sample  period  from 
1965  to  1974  are  used  in  this  study.  The  various  measures  of 
the  variables  and  the  sources  of  the  data  are  discussed  below: 

Y = denotes  annual  data  for  U.S.  Gross  National 
US 

Product  measured  in  1958  dollars.  It  is 
available  from  the  various  issues  of  the 
Survey  of  Current  Business  published  by  the 
Department  of  Commerce. 

P.  = it  represents  real  revenue  yield  per  ton-mile 
of  International  operations.  The  current  yield 
per  ton-mile  is  obtained  from  CAB,  Air  Carrier 
Traffic  and  Financial  Statistics  and  the  GNP 
implicit  price  deflator  (1958=100)  is  obtained 
from  the  various  issues  of  Survey  of  Current 
Business . 

Y.  = it  denotes  the  approximate  real  gross  domestic 
product  of  the  i th  world  region  in  terms  of 
U.S.  dollars  (millions).  The  current  Gross 
Domestic  Product  (GDP)  of  the  i th  world  region 
is  calculated  in  four  steps:  (1)  the  value  of 
GDP  of  the  member  countries  are  obtained  from 
Statistical  Yearboolc,  published  by  the  United 
Nations , (T)  the  annual  GDP  in  local  currencies 

is  converted  to  U.S.  dollars  by  the  corresponding 
annual  foreign  exchange  rate.  The  historical 
foreign  exchange  rates  are  reported  in  Inter- 
national Financial  Statistics  published  by 
International  Montary  Fund,  l3)  the  normal  GDP 
in  U.S.  dollars  of  the  i th  world  region  is 
obtained  by  the  summation  of  GDP  in  U.S.  dollar 
of  the  countries  in  that  region,  (4)  the  real 
GDP  of  the  i th  world  region  is  obtained  by 
deflating  norminal  GDP  by  the  U.S.  price  deflator 
(1958=100) . Certainly,  It  should  be  mentioned 
that  the  estimated  real  GDP  of  the  i th  world  region 
is  only  a rough  approximation  of  the  real  income 
trend  of  that  region. 
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3 . 3 The  Empiricial  Results 


Time  series  data  from  1965  to  1974  are  used  to  estimate 

the  parameters  of  the  models-  Since  the  length  of  the  data 
series  is  short,  most  of  the  equations  were  estimated  by 
ordinary  least  squares  (OLS) . When  the  value  of  Durbin-Watson 
statistics  of  a given  equation  is  less  than  one,  generalized 
least  square  (GLS)  is  used  to  correct  the  first-order  auto- 
regressive process  in  the  residuals.  The  main  reason  to  take  ^ 

account  of  the  first-order  autocorrelation  is  to  avoid  the 
pheonomenon  of  spurious  regressions.  It  is  also  worth  noting 
that  the  final  choice  of  the  variable  included  in  the  equations 
was  based  on  empirical  results-  Based  on  these  considerations, 
the  estimated  demand  for  air  import  and  air  export  services 
equations  are  as  follows: 


30 


REGRESSION  EQUATIONS 


(1)  EXPORTS  BY  ALL  AIR  CARRIERS  {NORTH  AMERICA) 


1 : F'JA 

= Cl+C2*RNA+C3*ipn 

NOB  = 10 
RANGE  = 
RSQ  = 

SEP.  = 1. 

NOVAP  = 3 
1965  TO  1074 
0.97709  CRSn 

lOE+04  SSR  = 

= 0.97055 

^ 8.518E+08 

F(2/7)  = 149.295 

DW(0)  = 1.55 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

C2 

C3 

96596.20000 

2.43915 

-7431.65000 

98079.90000 

0.35072 

4141.38000 

0.98487 

6.95475 

-1.79448 

(2)  EXPORTS  BY  ALL  AIR  CARRIERS  (SOUTH  AMERICA) 


1;  ESA  = C1+C2*RSA 


NOB  = 10  NOVAR  = 2 

RANGE  = 1965  TO  1974 

RSQ  = 0,88821  CRSQ  = 0.37423 

SEP.  = 1.59E+04  SSR  = 2.024E+09 


COEF 


VALUE  ST  ER 


Cl  -62775.60000  21991.80000 

C2  2.16737  0.27186 


F(l/8)  = 63.560 

DW(0)  = 1.47 

i 

T-STAT 

-2.85450 

7.97242 


L 
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REGRESSION  EQUATIONS 


(3)  EXPORTS  BY  ALL  AIR  CARRIERS  (EUROPE) 


1:  EE  = C1+C2*REU+C3*IRD 


NOB  = 10  NOVAR  = 3- 
RANGE_-  1965  TO  1974 

RSQ  = 0.96854  CRSQ  = 0.95955  F(2/7)  = 107.758 

SER  = 3.61E+04  EGk  = 9.134E+09  DW(0)  = 1.51 


COEF  VALUE 


ST  ER 


T-STAT 


Cl 

4.77947E+05 

2.35056E+05 

C2 

0.80941 

0.12399 

C3 

-34596.90000 

10625,20000 

2.03333 

6.52804 

-3.25610 


(4)  EXPORTS  BY  ALL  AIR  CARRIERS  (ASIA) 
1:  EA  = C1+C2*RAS+C3*1RD 


NOB  = 
RANGE 
RSQ  = 

10  NOVAR  = 3 

= 1965  TO  1974 

0.99614  CRSQ 

= 0.99504 

F(2/7)  = 904.168 

SER  = 

5.46E+03  SSR  = 

2.087E+08 

DW(0)  = 2.19 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

-83375.10000 

36708.90000 

-2.27125 

C2 

0.78781 

0.03323 

23.70830 

C3 

-2127.82000 

1747.45000 

-1.21767 
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REGRESSION  EQUATIONS 


(5)  EXPORTS  BY  ALL  AIR  CARRIERS  (AUSTRALIA  AND  OCEANIA) 


1:  EAO  = Cl+C2*RAO+C3*IRD 


NOB  =10  NOVAR  = 3 

RANGE  = 1965  TO  1974 

RSQ  = 0.93763  CRSQ  = 0.91982  F(2/7)  = 52.621 

SER  = 3.10E+0  3 SSR  = 6.720E+07  DVJ(O)  = 1.4  8 


COEF 


VALUE 


ST  ER 


T-STAT 


Cl 

-18753.10000 

2] 872.30000 

C2 

1.27751 

0 . 22002 

C3 

-434.32300 

957.37100 

-0.85739 

5.80631 

-0.45366 


(6)  EXPORTS  BY  ALL  AIR  CARRIERS  (AFRICA) 


1:  EAF  = C1+C2*PAF+C3*IRD 


NOB  = 10  NOVAR  = 3 

RANGE  = 1965  TO  1974 

RSC  = 0.8857  CRSQ  = 0.85305  F(2/7)  = 27.122 

SER  = 3.G0E+03  SSR  = 9.055E+07  DW(0)  = 1.85 


COEF 


VALUE 


ST  ER 


T-STAT 


Cl 

-3.97182E+05 

1.45528E+05 

C2 

40677.60000 

12121.70000 

C3 

-1521.71000 

1084.25000 

-2.72924 
3. 35576 
-1.40347 


REGRESSION  EQUATIONS 


(1)  EXPORTS  BY  U.  S.  FLAG  CARRIERS  (NORTH  AMERICA) 
1;  FENA  = C1+C2*RI!A 


JOB  =10  NOVAR  = 2 

RANGE  = 1965  TO  1974 

RSQ  = 0.72397  CRSQ  = 0.68946 

3ER  = 8.69E+03  SSR  = 6.043E+08 


F(l/8)  = 20.982 

DW(0)  = 1.40 


3LS  PARAMETERS 
RHOl  0.5226 

20EF  VALUE  ST  ER  T-STAT 


:i 

Z1 


-4326.01000  21396.50000 

0.97283  0.21238 


-0.20218 

4.58059 


(2)  EXPORTS  BY  U.S.  FLAG  CARRIERS  (SOUTH  AMERICAl 


1:  FESA 

= C1+C2*P3A+C3* 

IRD 

NOB  = 

10 

NOVAR  = 3 

PAiNGE 

= 

1965  TO  1974 

RSQ  = 

0.86984  CRSQ 

= 0.83265 

F(2/7)  = 

SER  = 

6. 

13E+03  SSR 

= 2.634E+08 

DW  ( 0 ) = 1 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

4494.75000 

40039.90000 

0.11226 

C2 

0.62741 

0.16510 

3.80005 

C3 

-1213. 25000 

179G.6f'000 

-0.67527 
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regression  equations 


(3)  EXPORTS  BY  U.S 

. flag  CARRIERS 

(EUROPE) 

1;  FEEU  = Cl+C2*REli+C3* 

IRD 

NOB  = 
RANGE 
RSQ  = 
SER  = 

10  NOVAR  = 3 

= 1965  TO  1974 

0.92875  CRSQ 

1.81E+04  SSR 

= 0.90839 

= 2.291E+09 

F(2/7)  = 
DW(_-0  = 

45.622 

1.40 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

C2 

C3 

1.65895E+05 

0.26003 

-11617.30000 

1.17703E+05 

0.06209 

5320.74000 

1.40938 

4.18802 

-2.18339 

(4)  EXPORTS  BY  U.S. 

FLAG  CARRIERS 

(ASIA) 

1:  FEA  = Cl+C2*RAS+C3*IRn 

NOB  = 
RANGE 
RSQ  = 
SER  = 

10  NOVAR  = 3 

= 1965  TO  1974 

0.98519  CRSQ 

4.08E+03  SSR  “ 

= 0.98096 

: 1.166E+08 

F(2/7)  = 
DW(0)  = 1. 

232.813 

23 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

C2 

C3 

-11563.00000 

0.28651 

-1582.02000 

27443.80000 

0.02484 

1306.41000 

-0.42133 
11 .53310 
-1.21097 
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REGRESSION  EQUATIONS 


(5)  EXPORTS  BY  U.S.  FLAG  CARRIERS  (AUSTRALIA  AND  OCEANIA) 


1:  FEAO  = CI+C2*RAO 


NOB  = 
RANGE 
RSO  = 
SER  = 

10  NO VAR  = 2 

= 1965  TO  1974 

0.90709  CRSn 

1.09E+03  SSR  = 

= 0,89647 

9.464E+06 

F(]/8)  = 78.101 

DW(0)  = 1.76 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

C2 

-9365.47000 

0,41093 

1597.09000 

0.04649 

-5.86408 

0.83740 

(6)  EXPORTS  BY  U.S.  FLAG  CARRIERS  (AFRICA) 
1:  FLAF  = C1+C2*RAF 


NOB  = 

10  NOVAR  = 2 

RANGE 

= 1965  TO  1974 

RSQ  = 

0.76232  CRSn  = 0.73261 

F(l/8)  = 

SEP  = 

1.17E+03  SSR  = 1.104E+07 

m ( 0 ) = 1 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

-7184.09000 

2352.92000 

-3.05326 

C2 

0,22971 

0,04535 

5.06540 

REGRESSION  EQUATIONS 


(1)  IMPORTS  BY  U.S.  FLAG  CARRIERS  (NORTH  AMERICA) 


1;  riNA  = C1+C2*GNP+C3*FINA(-1) 


.JOB  =10  NOVAR  = 3 

RANCF  = 19fi5  TO  1974 

RSO  = 0.92423  CRSQ  = 0.90258 

SER  = 4.02E+03  SSP  = 1.132F+08 


F(2/7)  = 42.693 

DW(0)  = 1.70 


COEF 


VALUE 


r,T  UP 


T-S'^AT 


Cl 

C2 

C3 


■50840.90000 

98.54420 

0.4/1249 


23551.90000 
40 . 20590 
0.22161 


-2.15368 

2.45098 

1.99669 


(2)  IMPORTS  BY  U.S.  FLAG  CARRIERS  (SOUTH  AMERICA) 


1:  FISA  = C1+C2*G.VP 


NOB  =10  NOVAR  = 2 

RANGE  = 1965  TO  1974 

RSQ  = 0.88222  CRSQ  = 0.8675 

SER  = 5.84E+03  SSR  = 2.727E-1-08 


F(l/8)  = 59.923 

DW(0)  = 0.95 


COEF 


VALUE 


ST  ER 


T-STAT 


Cl 

C2 


■1. 32020E+05 
211.18900 


20014.70000 

27.28180 


■6.63613 

7.74100 
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REGRESSION  EQUATIONS 


(3)  IMPORTS  BY  U.S.  FLAG  CARRIERS  (EUROPE) 


1:  riEU  = C1+C2*GNP+C3*IRD 


NOB  = 
RANGE 
RSQ  = 
SER  = 

10  NOVAR  = 3 

= 1965  TO  1974 

0.91629  CRSO 

2.08E+04  SSR  ^ 

= 0.89237 

= 3.022E+09 

F(2/7)  = 
DW(0)  = 1 

COEF 

VALUE 

ST  ER 

T-STAT 

Cl 

C2 

C3 

-1. 27668E+05 
597.72300 
-10482.40000 

3. 80923E+05 
281. 36800 
11198.10000 

-0.33515 

2.12435 

-0.93609 

38.309 


(4)  IMPORTS  BY  U.S.  FLAG  CARRIERS  (ASIA) 
1:  FIA  = C1+C2*GNP+C3*IRD 


NOB  = 10  NOVAR  = 3 
RANGE  = 1965  TO  1974 

RSQ  = 0.86294  CRSQ  = 0.82378  F(2/7)  = 22.036 

SER  = 1.96E+04  SSR  = 2.684E+09  DW(0)  - 1.03 


COEF 


VALUE 


ST  ER 


T-STAT 


Cl 

-2.18673E+05 

3.59038E+05 

C2 

503.62500 

265. 20300 

C3 

-4354.64000 

10554.70000 

-0.60005 

1,89902 

-0.41253 
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REGRESSION  EQUATIONS 


I 

I 


(5) 

IMPORTS  BY  U,S. 

FLAG  CARRIERS 

(AUSTRALIA  AND  OCEANIA) 

1:  FIAO 

= C1+C2*GNP 

NOB  =10 
RANGE  = 
RSQ  = 0 

SEP  = 569 

NOVAR  = 2 
1965  TO  1974 
.85059  CPEQ 

.6670  SSR  = 

= 0.83192 

2. 596E+06 

F(l/8)  = 
DW(0)  = 1. 

45.546 

80 

COEF 

VAI.UE 

ST  ER 

T-STAT 

Cl 

C2 

-11614.70000 

17.96510 

1952.91000 

2.66199 

-5.94738 

6.74874 

(6) 

IMPORTS  BY  U.S. 

FLAG  CARRIERS 

(AFRICA) 

1;  FIAF  = C1+C2*GNP+C3* 

DUF 

NOB  = 
RANGE 
RSQ  = 
SER  = 

10  NOVAR  = 3 

= 1965  TO  1974 

0.90918  CRSQ 

176.4220  SSR  ^ 

= 0.88323 

= 2.179E+05 

F(2/7)  = 35.037 

DW(0)  = 1.25 

COEF 

VALUE 

ST  ER 

T-S'T'AT 

Cl 

C2 

C3 

-1062.05000 

2.24173 

910.80500 

713.02700 

0.99843 

168.91600 

-L48949 

2.24526 

5.39206 
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I 


REGRESSION  EQUATIONS 


(1)  IMPORTS  BY  ALL  AIR  CARRIERS  (NORTH  AMERICA) 
1;  INA  = Cl+C2*GNP+C3*IRD 


NOB  =10  NOVAR  = 3 

range  = 1R65  TO  1974 

RS(?  = 0.91277  CRSQ  = 0.88785 

SER  = 1.16E+04  SSR  = 9.488E+08 


F(2/7)  = 36.623 

DW(0)  = 1,84 


COEF 


VALUE 


ST  ER  T-STAT 


Cl 

C2 

C3 


1.58718E+05 

395.25500 

-2952.48000 


2.13447E+05 

157.66300 

6274.77000 


-0.74360 

2.50696 

-0.47053 


(2)  IMPORTS  BY  ALL  AIR  CARRIERS  (SOUTH  AMERICA) 
2;  ISA  = Cl+C2*GriP 


NOB  =10  NOVAR  = 2 

RANGE  = 1965  TO  1974 

RSQ  = 0.8417  CRSQ  = 0.82191  F(l/8)  = 42  538 

SER  = 1.72E+04  SSR  = 2.363E+09  DW(0)  = 0.99 


COEF 


VALUE 


ST  ER  T-STAT 


Cl 

C2 


-3. 29220E+05 
523.76700 


58915.20000 

80.30660 


-5.58803 
6. 52209 
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REGRESSION  EQUATIONS 


(3)  IMPORTS  BY  ALL  AIR  CARRIERS  (EUROPE) 
1:  IE  = C1+C2*CNP+C3*IPD 


NOB  =10  NOVAR  = 3* 

RANGE  = 1965  TO  1974 

RSQ  = 0.93756  CP5Q  = 0.11971 

SER  = 4.43E+04  SSR  = 1.377E+10 


r(2/7)  = 52.550 

nw(0)  = 1.05 


COEF 


VALUE 


ST  ER  T-STAT 


Cl 

C2 

C3 


-95052.40000 

1323.99000 

-33111.30000 


8.13025E+05 
600.5-5000 
23900 . 70000 


-0.11611 
2.20467 
-1. 3R537 


(4)  IMPORTS  BY  ALL  AIR  CARRIERS  (ASIA) 
1;  lA  = C1+C2*GNP 


NOB  =10  NOVAR  = 2 

RANGE  = 1965  TO  1974 

RSQ  = 0.91275  CRSQ  = 0.90105 

SER  = 2.95E+04  SSR  = 6.941E+09 


r(l/8)  = 33.693 

DW(0)  = 1.36 


COEF 


VALUE 


ST  ER 


T-STAT 


Cl  -7.77790E+05  1.00976E+05 

C2  1259.18000  137.63900 


-7.70272 

9.14838 
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REGRESSION  EQUATIONS 


(5)  IMPORTS  BY  ALL  AIR  CARRIERS  (AUSTRALIA  AND  OCEANIA) 
1:  lAO  = C1+C?*C‘JP 


NOB  = 10  NOVAR  = 2 

RANGE  = lOf.5  TO  1074 

r(l/.?)  = 124.160 

PW ( n ) = 2.16 


ESQ  = 0.'>3  94  7 CPSO  = O.Olloi 

SEP,  = 657.47R0  SSR  = 3.45r;E+OG 


COEP 


VALUE 


ST  EP 


T-STAT 


Cl  -21374.10000  2253.0^000 

C2  34.23530  3.07232 


-9. 43290 
11.14310 


(6)  IMPORTS  BY  ALL  AIR  CARRIERS  (AFRICA) 


1:  lAF  = Cl+C2*GNr 


NOB  =10  NOVAP  = 2 

RANGE  = 1965  TO  1974 

P5Q  = 0.81501  CRSQ  = 0.7929 

SER  = 774.9510  SSP  = 4.9040+06 


r(l/8)  = 35.453 

DVJ  ( 0 ) = 2.04 


COEF 


VALUE 


ST  PR 


T-S'T’AT 


Cl  -12969.30000  2656.64-000 

C2  21.56330  3.62126 


-4 .931 RO 
5.95463 
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where 


GNP  = U.S.  Gross  National  Product  measured  in 
1958  constant  dollars 

IRD  = Real  average  yield  per  ton-miles  (cents, 

international  and  territorial  operations) 

RNA  = Real  Gross  National  Domestic  Product  of 
North  America 

RSA  = Real  Gross  National  Domestic  Product  of 
South  America 

REU  = Real  Gross  National  Domestic  Product  of 
Europe 

* RAS  = Real  Gross  National  Domestic  Product  of 

Asia 

RAO  = Real  Gross  National  Domestic  Product  of 
Australia  and  Oceania 

!;  RAF  = Real  Gross  National  Domestic  Product  of 

Africa 

i 

I 


I 

I 

i 

i 

I 

I, 


43 


3.4  The  Forecasts 


Table  3.4.1  through  3.4.4  present  the  forecasts  of 
export  and  import  air  freight  traffic  by  world  regions  and 
by  air  carriers  from  1975  to  1990.  These  forecasts  are 
generated  from  their  corresponding  regression  models  under 
the  assumed  future  value  of  exogenous  variables.  The  Fore- 
casts of  U.S.  GNP  in  1958  constant  dollars  are  discussed 
in  Section  2.5.  The  forecasts  of  real  GDP  of  the  i th  world 
region  is  obtained  by  extrapolation  based  on  its  average 
of  annual  growth  rate  from  1965  to  1974.  Real  revenue  yield 
per  ton-mile  is  assumed  to  decrease  at  2 percent  annually. 
The  predicted  growth  rates  of  the  forecasts  of  U.S.  inter- 
national air  freight  by  world  regions  are  reported  in  Tables 
3.4.5  and  3.4.6. 

In  summary,  international  air  freight  traffic  should 
continue  to  grow  in  the  next  15  years  but  at  less  rapid 
rates  compared  with  those  in  the  sample  period.  In  terms 
of  U.S.  air  freight  traffic  to  and  from  the  individual  world 
regions,  Europe  and  Asia  are  the  two  dominant  air  freight 
markets  with  the  Asian  market  growing  at  a substantially 
greater  rate.  The  North  American  and  South  American  markets 
are  the  third  and  fourth  largest  markets,  respectively,  with 
the  South  American  market  growing  at  a substantially  greater 
rate , 
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THE  FORECASTS  OF  IMPORTS  BY  ALL  AIR  CARRIERS  BY  CONTINENT 
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IV  CONVERSIONS  BETWEEN  TON-MILE  AND  TON  FORECASTS 

The  revenue  ton-mile  is  the  common  industry  measure 
of  air  carrier  production  of  frei«jht  transportation  service. 
The  enplaned  ton  is  a more  direct  measure  of  freiqht  activity 
at  U.S.  airports.  Both  measures  are  required  for  airways 
and  airport  facilities  planning  by  federal,  state  and 
\ local  agencies.  Time  series  continuity  and  comprehensive 

coverage  of  available  data,  more  than  any  other  factor, 
dictated  the  unit  of  measure  employed  in  the  dependent 
variable  in  the  forecasting  model  equations.  Civil 
Aeronautics  Board  (CAB)  Revenue  Ton-miles (RTM)  data  proved 

best  for  domestic  services.  U.S.  Department  of  Commerce 
Imports  and  Exports  tonnage  data  proved  best  for  total 
international  air  freight  traffic  in  and  out  of  U.S.  airports. 

Conversion  of  the  domestic  model  outputs 
from  revenue  ton-miles  to  enplaned  tons  and  the  international 
export  and  import  tons  to  revenue  ton-miles  has  been 
accomplished  by  application  of  projected  values  of  average 
haul  distances.  For  domestic  average  haul,  the  reported 
ton-mile  statistics*  for  the  aggregate  of  all  domestic 
freight  and  express  services  were  divided  by  the  enplaned 
tonnage  statistics**  for  the  same  services  for  the  years 
between  1962  and  1974.  The  increasing  trend  over  this 

★ 

Source:  CAB  Air  Carrier  Activity  Statistics 

•k  -k 

Source:  CAB  Airport  Activity  Statistics 
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period  was  extrapolated  from  the  1974  value  at  a rate 
of  15  miles  per  year.  (See  Figure  4.1) 


I 

i 


The  average  haul  distance  for  all  exports  and  imports 
between  the  aggregate  of  all  U.S.  airports  and  each  of  the 
six  world  trading  regions  was  estimated  in  an  indirect 
manner.  No  set  of  ton-mile  data  parallel  to  the  tonnage 
data  is  available.  CAB  reports  enplaned  tons  at  U.S. 
airports  for  U.S.  flag  carriers  only  and  then  provides 
no  indication  of  the  world  region  destination  of  those 
enplanements . The  U.S.  Department  of  Commerce  does  not 
report  ton-mile  statistics  for  air  imports  and  exports. 

The  dominance  of  foreign  flag  carriers  in  total  U.S. 
international  air  freight  traffic  and  the  substantial 

differential  growth  rates  in  trade  between  the  U.  S. 

★ 

and  the  six  world  trading  regions  prompted  the  estimating 
procedure  which  fo-llowa. 

First,  the  major  U.S.  gateway  hub  for  the  flows  to 
and  from  each  country  was  subjectively  determined  by 
agreement  between  the  FAA  and  TSC  project  managers.  Then 
the  statute  miles  between  the  respective  U.S.  gateway  and 
the  capital  city  of  each  country  was  obtained  from  the 
Reuben  H.  Donnelly  Official  Airline  Guide--Worldwide  Edition 
for  May  1976.  The  "non-stop  mileage"  between  these  points 
was  used  unless  none  was  listed,  in  which  case  the  "Maximum 
Mileage"  was  used. 

Next,  a weighted  average  distance  to  each  world  region  was 
See  Appendix  1.2 

52 


FIGURE  4.1 


PROJECTED  AVERAGE  HAUL  DISTANCE  DOMESTIC 


FREIGHT  AND  EXPRESS 


Sources ; 


CAB  Air  Carrier  Traffic  Statistics,  CAB  Airport 
Activity  Statistics  (see  Table  2) 


r 


L 

I 
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developed.  No  data  exists  to  permit  disaggregation  of  the  U.S. 
air  export  and  import  tons  to  and  from  the  world  trading 
regions  by  the  constituent  countries.  Therefore,  a 
weighting  factor  other  than  tonnage  was  needed  to  estimate 
the  distance  to  the  centroid  of  the  flows  in  and  out  of 
each  world  region.  The  1973  Nominal  Gross  Domestic 
Product  for  each  constituent  nation  was  used  as  the 
weighting  factor.  In  other  words,  the  OAG  mileage  between 
U.S.  gateway  and  country  capital  was  multiplied  by  that 
countries  GDP  and  the  sum  of  such  products  were  divided 
by  the  sum  of  the  GDP  values  for  the  aggregate  of  all 
countries  in  each  of  the  six  world  regions.  The  results 
of  this  procedure  are  listed  in  Table  4.1. 

Table  4 . 1 


Estimated  Distance  Between  U.S.  and  Centroids 


U.S.  Gateways 

of  World  Trading  Regions 
World  Region 

Distance 

(Statute  Mill 

MIA 

South  America 

4 , 000 

MIA,  DAL  or  NYC 

North  America 

600 

SFO  or  NYC 

Asia 

6,300 

NYC 

Europe 

4,100 

SFO 

Australia  & Oceania 

8,900 

NYC 

Africa 

6,500 

These  surrogate  average  haul  distances  were  used  to 
convert  the  forecasted  tons  (of  exports  tc  and  tons  of  imports 

from  each  of  the  world  regions)  into  revenue  ton-miles 
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for  the  U.S.  flag  carriers  only,  and  also  for  the  aggregate 
of  all  U.S.  and  foreign  flag  carriers.  The  foreign  flag 
traffic  is,  therefore,  obviously  a residual  calculation. 

This  procedure  gives  consideration  to  different  rates 
of  growth  between  revenue  ton-miles  of  service  produced  by 
the  carriers  and  tonnage  activity  at  U.S.  airports  while 
also  considering  relative  growth  rates  of  the  different 
U.S.  trading  partners.  The  trends  in  the  imbalance  between 
enplanements  and  deplanements  at  U.S.  airports  as  well  as 
trends  in  U.S.  flag  and  foreign  flag  activity  are  explicitly 
treated  by  this  procedure.  Another  unique  feature  of  these 
revenue  ton-mile  forecasts  is  that  they  represent  only  traffic 
to  and  from  U.S.  airports  and  they  are  not  clutered  with 
extraneous  activity  between  foreign  points.  In  the  past, 
this  has  been  a deficiency  of  forecasts  of  U.S.  flag  carrier 
international  service. 
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RECOMMENDED  BASE  FORECAST  OF  AIR  CARGO 


This  section  compiles  the  base  forecast  for  the  period 
1975  to  1990  using  the  models  described  in  the  previous 
sections  and  the  input  data  listed  in  the  appendixes  of 
this  paper.  Although  the  model  development  part  of  this 
project  was  limited  to  forecasting  the  freight  and  express 
portion  of  the  total  air  cargo  flows,  the  FAA  required  a 
complete  cargo  forecast  including  mail  flows.  Therefore, 
the  sponsor  furnished,  as  an  input,  the  results  of  an 
independent  air  mail  demand  forecasting  effort.*  The 
annual  forecasts  of  enplaned  cargo  tons  and  of  revenue 
ton-miles  at  various  levels  of  aggregation,  which  are 
presented  in  Tables  5.1  through  5.7,  include  these  mail 
forecasts.  These  tables  present  TSC ' s recommended  current 


Forecasts  of  domestic  tons  and  ton-miles  of  mail  demand 
were  inputs  to  this  project.  They  were  based  on  U.S. 
Postal  Service  data  which  historically  reflects  lower 
values  than  does  CAB  data.  This  is  in  part  because  the 
Postal  Service  records  pounds  of  mail  shipped  between 
origination  and  destination  airports  but  does  not  con- 
cern itself  with  the  number  of  intermediate  interchanges. 
Since  total  enplanement  activity  at  all  U.S.  airports 
including  any  activity  for  interchanges  is  the  concern 
of  this  project,  a correction  factor  was  applied  to  the 
mail  tons  and  ton-miles  forecasts  to  develop  the  values 
presented  in  this  section.  The  U.S.  international  mail 
ton-mile  forecasts  for  civilian  mail  were  received  as 
direct  inputs.  The  military  portion  was  added  by 
projecting  a steady  one  percent  per  year  growth  rate 
over  the  1975  value.  The  forecast  of  enplanement  tons 
of  international  mail  at  U.S.  airports  was  calculated 
by  applying  the  projected  average  hauls  for  international 
freight  described  in  the  previous  section. 


basic  forecast  given  the  input  assumptions  and  projections 
developed  by  concensus  of  the  project  analysts  and  the  TSC 
and  FAA  project  management.  As  has  been  indicated  earlier 
in  this  paper,  the  models  appear  to  adequately  explain 
aggregate  air  freight  demand  in  terms  of  the  two  variables  of 
GNP  and  average  revenue  yield.  The  accuracy  of  the  fore- 
casts, which  are  the  product  of  these  models,  is  obviously 
dependent  on  the  basic  subjective  judgements  built  into 
the  future  projections  of  the  explanatory  variables. 
Therefore,  these  forecasts  are  offered  as  base  forecasts 
reflecting  conservative  judgements  relative  to  the  future 
trends  of  the  national  economy  and  air  cargo  service  prices. 

Table  5.1  displays  forecasts  of  U.S.  domestic  demand 
for  air  cargo  and  its  constituent  elements  of  freight 
(including  express)  and  mail.  Enplaned  tons  at  all  U.S. 
airports  by  all  scheduled  and  non-scheduled  services 
as  well  as  the  ton-miles  of  revenue  service  are  shown. 

Table  5.2  shows  forecasts  of  International  air  cargo 
tons  being  exported  from  U.S.  airports.  Freight  (including 
express)  and  mail  enplaned  tons  are  forecasted  for  the 
aggregate  of  all  scheduled  and  non-scheduled  services. 
Enplaned  freight  tons  have  been  forecasted  separately  for 
U.S.  flag  and  foreign  flag  carriers.  Mail  has  been  fore- 
casted, by  others,  in  the  aggregate  for  all  carriers. 
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DOMESTIC  AIR  CARGO  TRAFFIC 
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Includes  Express 


Table  5.3  lists  forecasts  of  imported  tons  of  inter- 
national traffic  deplaned  at  U.S.  airports.  Deplaned 
freight  tons  are  segregated  by  U.S.  flag  and  foreign 
flag  carriers.  No  inbound  mail  in  international  service 
was  forecasted  by  the  FAA  mail  forecasting  project. 

Table  5.4  displays  U.S.  International  air  cargo 
exports  in  terms  of  ton-miles  of  transport  service  provided. 
Ton-miles  generated  by  freight  (including  express)  and 
mail  enplaned  at  U.S.  airports  only  are  represented. 

Table  5.5  displays  U.S.  International  air  freight 
(including  express)  imports • in  terms  of  ton-miles.  U.S. 
flag  carrier  and  foreign  flag  carrier  traffic  is  segregated. 
Here  again  no  mail  imports  have  been  forecasted. 

Table  5.6  provides  aggregations  of  all  forecasted 
services  in  both  tons  of  enplaned  cargo  (including  freight, 
express  and  mail)  and  ton-miles  of  cargo  generated  by  all 
scheduled  and  non-scheduled  services  to  and  from  all  U.  S. 
a i rpor ts . 

Table  5.7  tabulates  the  average  annual  growth  rates 
which  are  implied  by  the  forecasts  presented  in  Table  5.1 
to  5.6.  The  relative  growth  rates  of  the  various  services 
(i.e.,  freight,  mail,  U.S.  domestic,  U.S.  international, 
foreign  flag  and  U.S.  flag)  are  shown  for  the  entire  15 
year  forecast  period  and  for  each  of  the  three  5 year 
subperiods  between  1975  and  1990.  Differences  in  growth 

rates  between  the  five  yea'-  periods  are  due  solely  to  the 
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REVENUE  CARGO  TON-MILES  EXPORTS  (millions) 


(1)  Includes  Scheduled  and  Non-Scheduled  Services  of  all  U.S.  Flag  and 

Foreign  Flag  Carriers 

(2)  Includes  Express 
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;ij  Includes  Scheduled  and  Non-Scheduled  Services  of  All  U.S.  ?lag  and  Foreign  Flag  Jairicrs 
(2)  Includes  Express 


TABLE  5.6:  U.S.  AIR  CARGO  TRAFFIC 


(1)  Includes  Freight  Express  and  Mail 

(2)  Includes  scheduled  and  Non-scheduled  service  of  all  U.S.  and  Foreign  Flag  Carriers 

(3)  Exports  only 

(4)  Includes  Imports  plus  Exports 


TABLE  5.7:  AVERAGE  ANNUAL  AIR  CARGO  GROWTH  RATES 


Includes  Express 


GNP  projections  since  the  revenue  yield  or  the  yield  trend 
is  held  constant  in  these  base  forecasts.  The  greatest  rate 
of  growth  is  forecast  for  the  period  1975-1980  for  both  the 
domestic  and  international  service. 

Revenue  ton-miles  reflect  higher  growth  rates  than 
does  the  enplaned  tonnage  at  U.S,  airports  for  both 
domestic  and  international  services.  International  services 
reflect  an  overall  RTM  growth  rate  of  8.6  percent  for  the 
sum  of  all  carriers  while  the  domestic  service  shows  a 
slightly  lower  growth  rate  of  6.3  percent.  Mail  reflects 
a considerably  lower  growth  rate  and  tends  to  lower  the 
cargo  growth  rates  below  that  of  freight  (including  express). 
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APPENDIX 

The  Forecast  and  Historical  Input  Data  Series  Used  In 
Domestic  Air  Freight  Forecast. 

1.  Historical  and  Forecast  Real  Yield  oer  Ton-Miles  (Case  1) 
U.S.  Domestic 


1948* 

1952 

1956 

1960 

1964 

1968 

1972 

1976 

It^RO 

1984 

1988 


30.5391 

23. 5642 

26.4151 

27,0576 

24.4707 

2 1.4P06 

24 .1069 

22.8446 

20 . 7625 

19.6644 

17.0P.ni 

16.9267 

15.P774 

15. 3587 

16.024 

16.3445 

1 7. 3440 

17.691 8 

1,3.7747 

10.1502 

20.3224 

20.7288 

26.3224 

26.156 

27.3  34  6, 

26 .5:’ 4 3 

24.2 

24.0016 

21.3378 

21.9278 

13.8696, 

17.7736 

16.5631 

16.3424 

15.4018 

15. 70op 

16.6714 

17.0043 

10.0457 

18.4066 

19.5332 

19,9230 

21.1434 

21  . 566  3 

Sources:  See  Section  2.3 


2.  Historical  and  Forecast  Real  Yield  per  Ton-Miles  (Case  3) 
U.S.  Domestic 


1948 

30.5391 

28.5642 

26, 3224 

26.156 

1952 

26.4151 

27.0576 

27. 3346 

26.5243 

1956 

24.4707 

23.4396 

24  . 2 

24.0016 

1960 

24 . 1069 

22.8446 

21. 8378 

21.0278 

1964 

20.7625 

19.6644 

18.8606. 

17.7736 

1968 

17.0891 

16.9267 

16.5631 

16. 3424 

1972 

15.8774 

15. 3587 

15.4018 

15.0033 

1976 

14.7919 

14.496 

14.2061 

13.922 

1980 

13.6436 

13.3707 

13.1033 

12.8412 

1984 

12.5844 

12.3327 

12.086 

11.8443 

1983 

11.6074 

11.3753 

11.1473 

in.00,,3 

Sources:  See  Section  2.3 

♦Each  line  covers  four  successive  years  i.e.,  first  line  1948, 
1949,  1950,  1951 

67 


1 


3. 


Historical  and  Forecast  Real  Yield  Per  Ton-Miles  (Case  2) 
U.S.  Domestic 


1948* 

3u.53'l 

2'-' . 56  4 "> 

8 6 ■'Til 

.'’6.1  -.1 

1 5 3 

26.4  ]M. 

2 "7  . 5 7 6 

.■7.  334  8, 

OG.  524  3 

195(. 

24.4707 

23.4396 

24.2 

2-1,001  6 

1060 

24.1060 

22.8446 

01.8378 

21 .927  r. 

106  4 

20.7625 

19.6644 

i:i.8r.nf 

17.713G 

106  < 

1 7. 080  1 

1 6 . 9 2 6 7 

16.5631 

16.3424 

197  2 

15.8774 

15.3587 

15.40] 8 

15.4018 

1976 

1 5 . 4 0 1 8 

15.401 S 

15.4010 

15.4018 

]O80 

15.4018 

15.4018 

15.4018 

15. 4013 

1084 

16.4019 

15.4918 

1 5 . 1 8 

15.4018, 

1 98  3 

1 5 . 4 0 1 8 

15.4018 

15.4013 

] 5 . 4 8 1 8 

Sources : 

See  Section  2 . 3 

4 . 

Historical  and 

Forecast  of  U.S. 

GNP  (nil! ions 

1-958 

constan t 

no  1 1 a r Q 1 

1940 

324.1 

35  5.  3 

3 .8  3 . 4 

395.1 

195  3 

4 12.8 

4 07. 

4 38  . 

.!  .5  6 , 1 

1057 

452.5 

4 4 7.3 

475.0 

437.7 

1961 

497.2 

5 29.8 

551  . 

58].  1 

1 96  5 

617.3 

6 5 8.1 

675,2 

786  . t 

1 OfO 

735.6 

722.5 

746.3 

rj  0 r 

1973 

830  ."' 

821  . 2 

707.0 

8 41.4 

1077 

871.5 

890 . 7 

92  J.  5 

Of  8,  3 

1981 

1029.3 

1038.2 

1052. 

100S.7 

1985 

1148.3 

1190.79 

1234.85 

1 2 80 . 53 

1980 

1327.91 

1377.05 

Sources:  See  Section  2.3 

5.  Historical  Domestic  Air  Freight  Traffic  in  Revenue 
Ton-Miles  (millions) 


194R 
1 952 
195f. 
1'>G0 
1964 
1968 
197  2 


1 n n , 0 4 ] 
249.047 
397 . 356 
61 ] , 706 

1102.73 

2022.74 
2713.86 


1 30.458 
263. 347 
507.03 

715.460 

1 4 ] . 6 5 
2401 .31 
2075. 72 


226.1 76 
253. 6 5'^ 
505.5 
908.185 
] 690 .S8 
2205.34 
2940.1  ( 


343.502 
33!  . f.5  3 
580. 1 00 
o . 5 ] 7 
10Q2  . 3 
2441.62 


Sources:  See  Section  2.3 

‘Each  line  covers  four  successive  years  i.e.,  first  line  1948, 
1949,  1950,  1951 
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1.2 


The  Forecast  and  Historical  Input  Data  Series  Used  in 
International  Air  Freight  For ec a s t 


Imports  by  All  Air  Carriers  by  Continent:  1965-1974 
(shipping  weight  (1000  pounds) 


NORTH 

AMERICA 

1964* 

1969 

1972 

39903. 

79540. 

101700. 

33117. 
90333. 
1 1 6 8 9 ,3  , 

38818 . 
351 62. 
142313. 

4 0 2 1 0 
j34?(, 

SOUTH 

AMERICA 

1964 

196R 

1972 

14392. 

21294, 

82305. 

19.321. 
29451 . 
106653. 

1 5336. 
43307. 
123150. 

19240. 
68301  . 

EUROPE 

1964 

1968 

1972 

68374. 

253878. 

488065. 

111502. 
377063. 
513594  , 

134  31  7. 
353686 . 

500OH7, 

17.34  56. 
440234 . 

ASIA 

1964 

1968 

1972 

13785. 

80180. 

247268. 

2671 5. 
111353. 
253826, 

3"1 54. 
131233. 
261581 . 

5 4 50  8 . 
21 4567. 

AUSTRALIA  AND  OCEANIA 

1964 

1968 

1972 

270. 
2321  , 
€207. 

372. 
3284  . 
6316. 

701. 
3 364  . 
7 54.1  . 

1 330. 
4900  .- 

AFRICA 

1964 

1968 

1972 

653. 
1836. 
504  0. 

7 4 . 
2 285. 
3807, 

1198. 

2580. 

6008. 

144^>  . 
2.351  . 

Sources;  See  Section  3.2 

♦Each  line  covers  four  successive  years  i.e.,  first  line  1964, 
1965,  1966,  1967 


2.  Imports  by  U.S.  Flag  Carriers  by  Continent:  1965-1974 
(Shipping  Weight  (1000  pounds) 


WORTH  AMERICA 


1964* 

1 3428  .. 

15734 . 

1 8001  . 

19  6 5'', 

]'’6r 

34982. 

39872. 

39007  . 

33907  . 

1972 

49481 . 

4 9 9 99  _ 

52973. 

SOUTH  AMERICA 

1964 

3919. 

64  36, 

56  37. 

7349  , 

1968 

9084  _ 

11 529. 

18437. 

30167. 

1972 

36567. 

44229 . 

4 4 9 o 9 _ 

EUROPE 

1964 

32113. 

55625. 

61102. 

(.573  * . 

1963 

101857. 

157993. 

143483  . 

180640  . 

1972 

194229. 

211250. 

21 5688. 

ASIA 

1964 

9366  . 

17592. 

25782. 

32696 , 

1968 

51562  . 

66947. 

806  88  . 

122)05. 

1972 

139434. 

133660. 

11591 3. 

AUSTRALIA 

and  OCEANIA 

19  6 4 
1968 

44  . 
761. 

32 . 
768  . 

341. 
922  . 

251  . 
1 809  . 

1972 

3701  . 

3028  . 

3 4 9 5. 

AFRICA 

1964 

273. 

264  . 

417. 

312. 

1968 

517. 

592. 

703  . 

69  9 . 

1972 

1911. 

764  . 

1 404  . 

Sources:  See  Section  3.2 

•Each  line  covers  four  successive  years  i.e.,  first  line  1964, 
1965,  1966,  1967 


70 


3. 

Exports  by  U.S. 

Flag  Carriers  by 

Continent : 

1965-1974 

(Shipping  Weight 

(1000  pounds) 

A> 

T'.'TRrCA 

1966* 

56131. 

64703. 

70,3  56. 

89702. 

inf  n 

106096  . 

01947. 

92318. 

9 0 1 6, 6 . 

1073 

116962. 

1 ?:>i  97 . 

SOUTH 

AMERICA 

1966 

19211. 

10404. 

20220, 

27358, 

1960 

34256  . 

33004  . 

33317, 

38913. 

197  3 

49373. 

67475. 

EUROPE 

1065 

6,3004  . 

666,60  . 

78166. 

1 01  650  . 

196  9 

1496,91  , 

145749, 

134784. 

152723. 

197  3 

210659. 

24  3207  . 

ASI7v 

1965 

16110. 

17153 . 

22039. 

25300 . 

1969 

36102. 

44351 . 

55  36.0  . 

67640. 

1973 

90979  . 

05139. 

AUSTRALIA  AND  OCEANIA. 

1966 

1124. 

1369  . 

2095. 

36,68  . 

1S69 

3041  . 

29  36  . 

4 9 86. 

4 7 30  . 

1973 

8353. 

11884, 

AFRICA 

1966 

2936  . 

2350  . 

2360. 

3802. 

196  9 

5015. 

3801  , 

4726. 

357,)  . 

1973 

67  39  . 

0952. 

Sources:  See  Section  3.2 

successive  yesrs  l.e.,  first  line  „e5 
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4.  Exports  by  All  Air  Carriers  by  Continent:  1965-1974 

(Shipping  Weight  (1000  pounds) 


NORTH  AMERICA 

1965*  n7'il2. 

10  6 ‘I  213015. 

7Rf)102. 

135267. 
224517. 
322436  . 

152330. 

227076. 

133314 . 
253095. 

SOUTH  AMERICA 

1965 
1 96 

71 3^6, 
100722. 

71190. 

95536. 

71258. 

101322. 

77918. 

127195. 

1973 

^ ^ f 4 

EUROPE 

1065 

1969 

132039. 

422115. 

206394  . 
4239^2. 

240760. 

406230. 

303167. 
4 ''  5 9 2 3 . 

I 97  3 

647303. 

719060. 

ASIA 

i 

196  5 
1969 
107  3 

20133. 
33162. 
226  430  . 

37051  . 
107435. 
252032. 

51536. 
1 24  636  . 

61243.  ^ 

156235.  1 

AUSTRALIA 

AND  OCEANIA 

106  5 
106  9 
l'^73 

5075. 
14496  . 
391  79  . 

5792. 

15937. 

40115. 

3553. 
13381 . 

13064. 

19155. 

AFRICA 

1965 

7411, 

3049. 

10365. 

14621. 

1 96? 

20969. 

18S64. 

21984. 

20571. 

1973 

27294  . 

379P9. 

Sources : 

See  Section 

3.2 

*Each  line 
1966,  1967 

covers  four 
, 1968 

successive  years 

i .e. , first 

line  1965, 

I 


5.  Real  Gross  National  Domestic  Product  by  Continents:  1955-1990^ 


(million  of  1958  U 

•S.  dollars)  < 

NORTH 

AMERICA 

1965* 

70193,4 

75628,4 

79376.6 

.33180.6 

1969 

91265.2 

95069.4 

104131  . 

1 13315. 

1973 

123361. 

132779. 

142339. 

1 5 2 5 <1 7 . 

1977 

163573. 

175351. 

187976. 

201510. 

1981 

216018. 

231572. 

248245. 

266118, 

1985 

285278. 

305818. 

327837. 

351441. 

1989 

376745. 

403870. 

SdUTH 

AMERICA 

1965 

60193.9 

64  280. 3 

61038.4 

6 30 "0.9 

1969 

67270.6 

74571 .8 

C4108.9 

04558,6 

1973 

105376. 

113016. 

121209. 

129997. 

1977 

139A22. 

149530. 

160371 . 

171  OOP. 

1981 

184468. 

107842. 

21 21 85. 

12756-0. 

1985 

244068. 

261762, 

280740. 

301094. 

1989 

322923. 

346335. 

EUROPE 

1965 

■<53273  . 

473401  . 

490588. 

497473. 

1969 

527709 , 

569S47. 

611415. 

70^174. 

1973 

325777. 

8^3922. 

O'- 9 26  5. 

1.0338061:4  _ 

1977 

1. 114332r:+06 

1. 201026i;+06 

1 .2944C5K+06 

1 . 3051741+06 

1981 

1. 50  3718B+0f) 

1. 6-20706, !'  + 06 

1, 7467O6.1+06, 

1.  '182696-r  + 06 

1985 

2, 0291  69F+0  6 

2, 187037:;+06 

2.  3571  88i:+06 

2 . 5 49576:;  + 06 

1989 

2. 738232r+06 

2 . 951 265r+06 

Sources 

: See  Section 

3.2 

♦Each  line  covers  four  successive  years  i.e.,  first  line  1965, 
1966,  1967,  1968 
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5.  Real  Gross  National  Domestic  Product  by  Continents: 

(million  of  1958  U.S.  dollars) 
(Continued) 


ASIA 


1955-1990^ 


19652 

193681. 

204897  . 

216694. 

237537  . 

1969 

262718. 

277000. 

295259. 

351047  . 

1973 

428853 . 

467449. 

509520. 

555377. 

1977 

605361. 

659843. 

719229. 

783960. 

1981 

854516. 

931423. 

1.015251E+06 

1.106623E+06 

1985 

1.206219E+06 

1.314778E+06 

1.433108E+06 

1.562087E+06 

1989 

1.702675E+06 

1.855916E+06 

AUSTRALIA 

AND  OCEANIA 

1965 

25442. 

26808  . 

27339. 

28365.5 

1969 

30115.4 

31624.5 

34330.4 

39145.9 

1973 

44547.3 

47777  . 

51240.9 

54955.8 

1977 

58940.2 

63213.3 

67796.2 

72711.4 

1981 

77983. 

83636.7 

89700.4 

96203.6 

1985 

103178 . 

110659. 

118682. 

127286. 

1989 

136514 . 

146412. 

AFRICA 

1965 

44224.2 

1969 

46517.1 

1973 

64016.6 

197" 

77812.4 

1981 

94581.4 

1985 

114964  . 

1989 

1397‘10. 

44428.9 

52244.1 

70578.2 

85788.2 
104276. 
126748  . 

146727  . 


42257.3 

49412.1 

67217.4 

81703.1 

99310.5 
12071 2. 


46035.2 

55991. 

74107.1 

90077.6 

109490. 

133085. 


^The  data  from  1955  to  1974  are  actual.  The  data  from  1975  to 
1990  are  extrapolated  based  on  their  respective  past  growth  rates 
from  1956  to  1974. 

2 

Each  line  covers  four  successive  years  i.e.,  first  line  1965, 
1966,  1967,  1968 


international 


6.  Real  Average  Yield  Per  Ton-miles  (cents, 
and  territorial  operations) 


1965* 

18.1762 

17.4419 

16.3777 

1969 

15.  Bl'ia 

15.4614 

15.451 

14 . 8782 

1973 

14.0237 

14,7316 

14.437 

14.1483 

1977 

13.8653 

13.508 

13. 3162 

13.0499 

19!31 

12.7S89 

12.5331 

12.2825 

12.0368 

1985 

11.7961 

11.5602 

11.329 

11.1024 

1989 

10.8803 

10.6627 

Sources:  See  Section  3.2 

*Each  line  covers  four  successive  years  i.e.,  first  line  1955 
1966,  1967,  1968 


1 . 3 World  Regions  and  Constituent  Countries 

The  world  has  been  classified  into  six  regions: 
(1)  North  American,  (2)  South  American,  (3)  Europe, 
(4)  Asia,  (5)  Oceania  and  Australia,  and  (6)  Africa 
which  are  based  on  the  Department  of  Commerce  "Guide 
to  Foreign  Trade  Statistics". 

The  United  Nations  "Statistical  Yearbook"  also 
classifies  these  countries  by  regions  and  GDP  data 
are  available  as  follows: 


I.  North  America:  (Countries  whose  GDP  falls  under  $300 

million  U.S.  dollars  are  not  included. 

1.  Canada 

2.  Costa  Rica 

3.  Dominican  Republic 

4.  El  Salvador 

5.  Guatemala 

6.  Haiti 

7.  Honduras 

8.  Jamaica 

9.  Nicaragua 

10.  Trinidad  and  Tobago 

11.  Mexico 

12.  Panama 


II.  South  America  (GDP  under  $200  million  U.S.  dollars 
are  not  included) 

1.  Argentina 

2.  Bolivia 

3.  Brazil 

4.  Colombia 

5.  Chille 

6.  Ecuador 

7.  Paraguay 

8.  Peru 

9.  Venezuela 

10.  French  Guiana 

11.  Guyana 
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III.  Europe:  (GDP  under  $300  million  U.S.  dollars  are 

not  included) 

1.  Belguim 

2.  France 

3.  West  Germany 

4.  Italy 

5 . Luxembourg 

6.  Netherlands 

7.  Austria 

8 . Denmark 

9.  Norway 

10.  Portugal 

11.  Sweden 

12.  Switzerland 

13.  United  Kingdom 

14.  Finland 

15.  Greece 

16.  Iceland 

17.  Ireland 

18.  Spain 

IV.  Asia:  (GNP  under  $300  million  U.S.  dollars  are  not 

included ) 

1.  Ceylon  (Sri  Lanka) 

2.  China  (Taiwan) 

3.  Hong  Kong 

4.  India 

5.  Iran 

6.  Japan 

7.  Korea 

8.  Malaysia 

9.  Nepal 

10.  Pakistan 

11.  Philippines 

12.  Singapore 

13.  Thailand 

14.  Viet-Nam 

15.  Isreal 

16.  Kuwait 

17.  Iraq 

18.  Burma 

19.  Indonesia 

20.  Jordan 

21.  Syria  Arab  Republic 

22.  Turkey 

23.  Lebanon 

24.  Saudi  Arabia 

25.  Cyprus 
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V. 


Australia  and  Oceania 


1.  Australia 

2.  New  Zealand 


VI  Africa:  (GDP  under  $300  million  U.S.  dollars  are  not 

included ) 


1.  Algeria 

2.  Cameroon 

3.  Ethiopia 

4.  Ghana 

5.  Ivory  Coast 

6.  Kenya 

7.  Libya 

8.  Madagascar 

9.  Morocco 

10.  Nigeria 

11.  Senegal 

12.  South  Africa 

13.  Southern  Rhodesia 

14.  Sudan 

15.  Tanzania,  Un.  Rep. 

16.  Tunisia 

17.  Uganda 

18.  United  Arab  Republic 

19.  Zambia 
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